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PREFACE. 



The writers of this manual lay no claim to originality. 
Some of the most distinctive points elucidated at great 
length in the exhaustive works of Erb, De Watteville, 
V. Ziemssen, Beard, and Rockwell, and others, have been 
partially digested, and an effort made to place them before 
the undergraduates in such a manner that they may form a 
general idea of the diagnostic and therapeutic value of 
electricity, concerning which they hear so much, and, many 
of them, know so little. If, in addition, a few post-graduates 
find their labors lightened, and points of practical utility 
stated in a sufficiently brief and intelligible form, then the 
object of this little digest has been fully attained. 

The experience of the writers in teaching rather indicates 
that many students evince peculiar difficulty in grasping 
certain points of this subject, therefore an effort has been 
made to clear away some of the stumbling-blocks, even at 
the risk of being considered guilty of prolixity and reitera- 
tion. The apology offered is simply that the hope has been 
entertained that by bringing the same points before the 
reader in different connections the desired result raav be 
more readilv achieved. 

(v) 
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PAET I. 
GENERAL ELECTRO-THERAPEUTICS. 



There exists no one topic in the boundless expanse of scien- 
tific investigation that has encountered more earnest and per- 
sistent inquiry than the one now proposed for consideration. 
Notwithstanding the vast amount of research and experimental 
work accomplished, and the brilliant results thereby achieved 
in its application, no satisfactory definition of electricity has as 
yet been announced ; furthermore, it would appear that, how- 
ever desirable such a result may be, its attainment seems still 
quite remote. As a partial approximation thereto the assertion 
is made that galvanic electricity is a form of molecular motion, 
and galvanism is probably tlie most important branch of medi- 
cal electricity. Minute and painstaking experimentation has 
placed certain facts beyond dispute. While old theories may 
be overturned and new ones dominate in turn, many constitu- 
tional laws as now fixed must always remain unchanged. It 
has been long customary to look upon electricity as a fluid, and 
it nmst be allowed that in many important characteristics the 
resemblance is well sustained. Electricity exists in three forms 
—Galvanic, Faradic, and Franklinic or Static electricity. 

2 (17) 
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Discovery of Galvanism. 

Galvanic or Voltaic electricity receives its name from the early 
observers Galvani of Bologna and Volta of Pavia, between whom 
an earnest controversy existed as to the origin of the phenomena. 
Volta held that tlie galvanic current was caused by the contact 
of two dissimilar metals; but this theory is rejected by scienlists 
of the present day. On the other hand, Galvani claimed that 
the results produced by him were due to electricity generated 
in the animals on which he operated. It remained for Fabroni, 
of Florence, to first intimate that chemical action was really its 
source ; and he enunciated this opinion whilst observing the 
action taking place in the pile invented by Volta about one 
3'ear before the latter's death. Many eminent scientists of that 
day supported this view, and among them was Sir Humphry 
Davy. About the year 1807, Sir H. Davy obtained by electro- 
lysis the elements potassium and sodium ; and thereafter dis- 
coveries followed in rapid succession, owinu to the labor of such 
tireless workers as Dulce, Zamboni, and Ocrstead, until a cul- 
minating point was attained in 1827, when Ohm announced the 
law which has since borne his name. Mathematical accuracy 
as applied to electricity then for the first time assumed its posi- 
tion. 

The phenomena of galvanism can perhaps be most clearly 
demonstrated by constructing a cell of simple form and observ- 
ing its action. For this purpose there should be provided a strip 
each of copper and zinc, a glass jar, some copper wire, and hy- 
drochloric acid. The jar being filled with a dilute solution of 
the acid, the zinc plate is immersed therein, with one extremity 
to which a wire may be attached projecting above the surface. 
Chemical action at once ensues, the acid acting upon the zinc, 
the result being zinc chloride and hydrogen gas. The gas 
collects in fine bubbles up<m the metal plate, and as rapidly as 
they are evolved arise to the surface of the solution ; the zinc 
chloride of course remains dissolved. After a time the zinc 
plate, if weighed, will be found to have lost precisely in weight 
the amount of zinc found combined in solution as zinc chlo- 



DISCOVERY OF GALVANISM. 19 

ride. The second step in our demonstration involves the im- 
mersion in the same vessel of the strip of copper. It should be 
placed near and parallel to the %inc, buX should at no point come 
in contact therewith. One end, provided with means for at- 
tachment of a wire, should, like the zinc, remain above the 
surface of the fluid. Upon this being done, an immediate and 
decided change is observed. Bubbles of hydrogen are no longer 
seen to collect upon the surface of the zinc, but they do appear 
upon the copper plate ; zinc chloride, however, still continues 
to be formed. Now let the plates be weighed, and the copper 
will be found intact ; the zinc still diminishes, and the loss i^ 
found to bear the same relation to the amount of the element 
combined in solution. We will now proceed to remove the zinc 
plate and substitute therefor one of iron. Precisely the same 
action will be observed, except that iron chloride will result 
in place of the same salt of zinc ; hydrogen will collect, just as 
before, upon the surface of the copper element. Now let the 
copper be removed and zinc take its place : a change will at 
once occur, the hydrogen bubbles now being evolved upon the 
iron. Thus it would appear by the first experiment that hydro- 
gen and zinc chloride are both formed at the zinc plate, but that 
the former is transferred to the copper upon the latter being 
placed in position : it likewise is evident that zinc is more act- 
ively attacked by the acid solution than copper. A proper test 
would also show that zinc is more assailable than iron, which 
in turn is more susceptible to the solution than copper ; hence 
we conclude that the gas is formed chiefly at the plate most 
acted upon, but is evolved at the other— i. c, we may perhaps 
be permitted to say it flows from one element to the other. It 
a magnetic needle be brought near a wire connecting the two 
elements, it (the needle) will at once be deflected from its nor- 
mal position and tend to assume one at right angles to the wire ; 
the needle will also be found to move in one direction or the 
other, depending upon the position of the wire and the relative 
connection of the two elements, i. e., metal plates. 
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Froductiou of Heat 

If a portion of the couuecting wire consiBls of fine platioum 
wire, its teiiiiwrature will be raised, and, under favorable circuin- 
Btances, will becuiiie very higli, approaching often the point of 
fusion. 

Galvanic Couple. 

The arratigemetit of two nielallic plates in a solution wliich 
acts chemically upon one of tliem ia called a simple voltaic or 
galvauiu couple (Fig. 1). When the plates arc disconnected— 





i.e„ not joined externally by n wire or other conductor— the cir- 
cuit is said to be open (Fig. 2). When tlie plates are Joined ex- 
ternally by a conductor, the circuit is said to be closed. 

When the circuit is closed, the current is said to jlimj from the 
metal most actively acted upon by tlie solution to the oilier 
metal through that and the connecting wire back to the first. 

It is by no tneiins requisite, in order to generate a galvanic 
current, that one meliil should be impervious to the action of 
the acid ; but it is necessary that one of tiie elements siiould 
be acted upon to a grfoUr fxient than the other. The ele- 
ment which is most susceptible to the action of the acid solution 
has been called tbej;omtti-e plate, and the other the n&jatwe plate. 
Besides the eflect, already nnled, upon the magnetic needle, a 
conducting wire connecting the two elements will be found to 
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possess other dcllnite and retntirkable qualities, the most im- 
portniit of which, in this connectioD, beiag seosory and motor 
influence ui)ou animal tisane. 



Potential. 

The scientific deflnilion of this peculiar quality of bodies, 

electrically considered, is somewhat difficult to conceive. Let 
it suffice to say that the difference of potential of two bodies 
is the pecuhar electrical relation they bear to each other, and 
this relation is purely one of degree, for a substance whieh is 
electro-positive to one body- may be eleetro-negative to another. 




This is most happily illustrated by DeWatteville, who compares 
the potential of different bodies to reservoirs of water placed at 
unequal altitudes and communicating by means of pipes. 

If the upper tank is filled with water, the fluid, obeying its 
own law, seeks a lower level and flows through the tube into 
the lower receptacle ; hence the upper vessel represents the zinc 
or positive element, the tube the chemically acting fluid, and the 
lower vessel the copper or negative element. It is plainly to 
be perceived that C is negative to Z; but should we establish 
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and connect a still lower reservoir, C would become positive 
to it. The upper reservoir is of a higher potential than the 
lower. In the one case, the force of gravity is acting ; in the 
other, the difference of potential. 

For convenience of comparison the earth is considered to be 
of zero potential, and air bodies /rom which electricity flows to 
the earth are said to be of positive potential ; while, on the 
other hand, all bodies to which electricity flows from the earth 
are of negative potential. Potential really represents work done. 
The potential of a body at a certain point is the amount of work 
exi3ended in transferring one unit of positive electricity from an 
infinite distance to that point. 

Electro-Motiye Force. 

Electro-motive force is the inherent force that starts the cur- 
rent and maintains it ; it is the difference ff potential between two 
bodies. It depends not upon the size of the elements, but upon 
the peculiar inherent quality possessed by each. 

Current. 

The result of this chemical action is a phenomenon called the 
electric or galvanic current. 

A cell consists of a proper vessel containing a fluid capable of 
acting chemically upon two metal plates of difl'erent potential 
immersed therein. 

Poles. 

In general, the metal most acted upon by the chemical fluid 
is called the positive plate, and the electrical current flows from 
it to the other or electro-negative element. If to each element 
a conducting wire is attached, the current will be diffused 
through them. The extremity of each icire is a pole, and inas- 
much as the positive current generated by the zinc flows from 
it to the copper, the conducting wire from the latter becomes at 
its extremity the 2X)sitive pole. The conductor attached to the 
zinc, or most active element, always terminates in the nefjative 
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•jlKik. When the zinc and copper plates are immersed in the 
chemical fluid just mentioned, they at once become polarized, 
t. 6., assume opposite electrical conditions ; the zinc becomes 
positive and the copper negative. But it must not be forgotten 
that, although this is the fact, still a conducting wire leading 
from the copper plate becomes the positive pole, for the previ- 
ously explained reason that the positive current flows from the 
zinc through the fluid and on out through the copper and wire, 
thence back to the zinc ; therefore if a wire connecting the two 
elements externally be broken in any part of its extent, the end 
leading from the copper or negative plate will be found to be 
the positive pole. When a copper and zinc plate are immersed 
in dilute hydrochloric acid, the compound molecules of the so- 
lution are assumed to take on a highly polarized condition, t. 6., 
the chlorine or negative part is attracted by the zinc, and the 
hydrogen or positive by the copper. The chlorine unites with 
the zinc to form zinc chloride ; the hydrogen, however, forms 
no combination with the copper, but rises on its surface in 
bubbles. The fact that hydrogen leaves the fluid here and 
not at the zinc plate where it is formed can only be explained 
upon the hypothesis that an interchange of constituents in the 
fluid takes place between the two elements. Thus— 
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A difference of potential really exists between the acid solu- 
tion and the zinc— likewise between the copper and solution ; 
but the ditterence of potential is greater between the former 
than the latter ; therefore the electric current is said to be 
established from the zinc to the copper. The positive element 
possesses a higher potential than the negative, and it is the 
difference of potential between the two elements that sets the 
electric current in motion and sustains it. 
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Resistance. 

The resistance encountered by the diffusion of a current of 
electricity generated by a galvanic battery is of two kinds, 
viz. : — 

1. The internal resistance, or impediment offered by the fluid 
contents of the cell through which the current passes and by 
the elements themselves. 

2. The external resistance, or that offered by the connecting 
wire and all other substances whatsoever through which the 
current flows outside the cell. This is a subject the importance 
of which cannot be overestimated, and should be thoroughly 
grasped before further advance.^ It is in this relation also that 
electricity bears a peculiarly striking resemblance to a fluid. 
Thus :— 

1. If the surface of the elements is enlarged, the resistance 
oftered by the intervening fluid will be found to be diminished, 
just as the resistance to the flow of water from one reservoir 
to another at a lower level will be diminished by enlarging the 
sectional area of the pipe connecting them. 

2. The resistance will be less if the elements be brought close 
together. This is equivalent to shortening the connecting pipe 
of the reservoirs. 

3. The external resistance will be diminished by increasing 
the sectional area of the connecting wire and by decreasing its 
length. 

4. A good conductor offers less resistance than a bad one. 
Hence the electrical resistance depends — 

1. Upon the length of the conductor ; a long wire will offer 
more resistance than a short one. 

2. Upon the thickness or sectional area of the conductor ; a 
thick wire will offer less resistance than a thin one. 

3. Upon the peculiar or specific resistance of the conductor 
itself; glass will offer greater resistance than copper. 

> The student unfamiliar with the physics of electricity will find all 
sabseqnent reading decidedly facilitated by a careful study of '* Elec- 
trical Resistance." 
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Conductors. 

Metals are the best available conductors of electricity. Zinc, 
tin, and iron, named in their order of merit, head the list. Among 
those not conducting so well must be classed mercury. Carbon 
is a good conductor. Saline solutions and acids are much better 
conductors than pure water, and hot water than cold. Glass, 
silk, India rubber, etc. are very poor conductors, and are even 
used to insulate good conductors. The human body, excepting the 
skin, is a good conductor, owing to the fact that it is chiefly com- 
posed of saline solution. The skin is a very bad conductor ; its 
conductivity may be much enhanced, however, by means of a 
good conducting solution applied to the surface. 

Capacity. 

Electrical capacity may be looked upon as the greatest quan- 
tity of electricity which may possibly be acquired by a conductor 
when in contact with a body that charges it to unit electrical 
potential. We may have a large electrical capacity, and yet a very 
low electrical potential, and vice versa. This may be illustrated 
by comparing potential to temperature. A certain amount of 
heat will raise the temperature of a fine wire to a ver}' high degree. 
The same quantity of heat, however, will not materially elevate 
the temperature of another body less easily heated ; for instance, 
a jug of milk. The latter will require much more heat to pro- 
duce in it the temperature attained by the fine wire ; that is, 
the capudty of the jug of milk is much greater than that of the 
fine wire. 

Density. 

The elertric densiiy means the compactness of electricity 
existing upon the surface of a body. Upon a sphere the den- 
sity is equal at all points. Upon an ellipsoid the density varies 
at different points. Thus, in Fig. 5, the electric density would 
be found greatest at a, not so great at c, and least at 6. If a 
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represents a point, it would possess the utmost attainable den- 
sity, and, in fact, might be considered to have reached infinity. 
As density increases the tendency of the electricity to overcome 



Fio. 5. 




the resistance ofTered by the air increases, and when finally that 
resistance is overcome the electricity escapes. If the escape 
occurs in the dark, it appears luminous. 

Ohm. — The unit of mecisure of resistance is called an Ohm. 

Volt — The unit of measure of electro-motive force is called a 
Volt. 

Ampere. — The xmit of measure of current strength is called an 
Ampere, 

One Ampere is the strength of current furnished by the elec- 
tro-motive force of one Volt passing through one Ohm of resist- 
ance ; that is, by Ohm's law and using units we have y == !• In 

practical work the Ampere is measured by the amount of water 
the current will decompose into oxygen and hydrogen in one 
second at 0^ C. temperature, and 7G0 mm. pressure ; under 
these conditions one Ampere will set free 114.0 c.mm. of 
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hydrogen and 37.3 c.mm. of oxygen. It also performs other 
definite qualities of work, such as deflecting the magnetic 
needle, etc. 

One Volt is equal to about the electro-motive force of a newly 
charged Daniel's cell. The Volt bears the same relation to an 
electric battery that the horse-power does to an engine. 

One Ohm represents nearly the resistiince offered to an elec- 
tric current by a coil of copper wire 1 mm. in diameter and 48.5 
mm. in length. 

Current Strength. 

From what has been said above it must be evident that the 
strength of every electric current must bear an unalterable rela- 
tion to the amount of resistance it encounters ; and to Ohm we 
are indebted for the law governing this problem. He found that 
any current of electricity is equal to tlie electro-motive force 
divided by the sum of the resistances ; that is, if 

c = the current, 
e = electro-motive force, 
ir = internal resistance, 
er = external resistance, 

the law will be expressed thus : C= . This law is of vital 

tr -h €r 

importance, for it is the basis of all electrical calculations. 

A Galvanic Battery is a collection of two or more galvanic 
cells connected together in such a manner that the electricity 
generated by all can be conducted through one wire. 

The strength of current under varying circumstances depends 
greatly upon the manner in which the cells are arranged. 

Measurement of Currents. 

Starting with this data the measurement of an electric cur- 
rent and the proper arrangement of cells can be accomplished 
with facility. This in medical electricity is a matter of much 
moment. 
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Milliampere. The milliumpere, or one-lliousaiiiUh part of an 
ampei'G, Ims been U[iiverBii1ly adopted ns the working unit iiinong 
physiciiins, and it lias very great advantages iu practice ; for in- 
etance, the current generated by tlireo Daniel's cells thi'ougli the 
average resistauce of the human body with niodemte-aized 
eleetrodee equals about one milliampere. 

Simple Cironit Arrangemeat. Tiiie is an arrangement of 
cells in whiL-h the positive plnte uf one cell is connected to the 
positive of the next, and the negative plate of one to the nega- 
tive of the other, and finally allthe positives to all the negativea. 
This is practically foniiing one large cell with elements equnl iu 
size to the sum of the ni'eas of all the elements, but the electro- 
motive foi-ce lemaine the siimc aa for one ceil. See Fig. 0. 




Componnd Cireuit Arrangement Tins i- an arrangement a 
cells in which the piisilive plate ut one cell iv (.nunecttd with 
negative pinto of the next, and soon through the whole nura 
of cells to he used ; the final conniption being that of the p 
live of the first cell to the negative of the lust cell. In 
arrangement we possess a battery with an e lectio- motive 
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iaci'easedasmany times as we bave number of cells and with aAi 
iiitci'aul resistanee also iui;reased iu the snciie pi-oportion. 
Fig. 7. 

Arrat^ment in Sets. If it is desired to arrange Sfly cells I 
iu sets often, tlie cells aru divided into five lots; uacb lot is. | 
arrnuged in simple cii'cuit whieli gives as a result Rve sep 
batteries, tlie elementx of wliicb are ten times greater in areft.| 
tbna the elements of a single cell; the 6ve balterios are now 
looked upon as five large cells, and these are armnged iu ecm' 
pound circuit. The resulting battery has an electro-motive forcf 
five times greater than a single cell ; the internal resistance of 
each resulling large cell is ten times less than a single original 
eel!, but in the compuund circuit this fraction ia uiuUiplied by 



Effect of the Beaistances upon the Current. 

This can he understood very readily by means of a few siinpli 
calculations. In the first place, it must be remembered that I 
any current is, by Olmi's law, equii! to the electro motive force of I 
the battery divided by the resistanue— thus c= .——— ; hence, i 

to render the result greater, we must do one of two tliiu; 
increase the numerator— i. e., electro-motive force ; or dimiuiah 
the denominator— t. e., resistance; either will result iu an in- 
creased aiiswer or current. To render the result of our fraction 
smaller, tlie reverse must be accomplished— i, e,, the numerator 
must be diminished or tlie denominator increased. This, i 
nutshell, is the object of the different arrangements of cells, i 
to adapt the current to greater or less external resistance. 



Arrangement of Cells for Great External 
BeBlfitance. 

Wlien, for instance, Ibe electrieal current is used for medical 
purposes, the resistance met with in penetrating the human body 
is very great. We will proceed to deterniiue which arrangement 
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of cells will produce the greater strength of current under tliese 
circumstances. Let us assume that our electro-motive force 
equals 1 our internal resistance 20, and our external resistance 
(human body) about 3000 ohms ; our current for one cell stands 

thus : ^-^ ^^ = ^^^. 

Now let us take forty cells arranged in compound circuit, 
, . , .„ . 1 X 40 40 40 1 

^*""^^ ^^^^ S^^" 20 X 40 + 3000 = 800 + 3000 = 3800 = 95' ^ ^^^^ 
great increase in current strength ; for in this arrangement the 
electro-motive force and internal resistance are increased as 
many times as we have cells. 
By connecting our forty cells in simple circuit we have — 

= =: , a current that is inappreciably 

jj-h3000 -^+3000 ^^^* 

increased only over a single cell, because in this arrangement 
we have practically one large cell of the same electro-motive 
force and an internal resisitance forty times less than the single 
cell ; but the external resistance is so enormously out of pro- 
portion to the internal that we may diminish the latter very 
much without making any appreciable impression on the cur- 
rent. In fact, were such a thing possible, the internal resistance 
could be abolished entirely with but little effect upon the current, 
as seen in the example. 

A very slight modilication of the above will demonstrate the 
effect of an arrangement in sets. With the same external re- 
sistance let us assume an arrangement of fifty cells in sets of 

1 V 5 5 1 

ten — thus — -<^-l- ^ == , or a much larger cur- 

JJx 5 + 3000 3010 602' 
rent than a simple circuit arrangement would produce, which 

''20 + 3000^3<^^' 

The effect of the internal resistance upon the current when the 
external resistance is very great may be illustrated by- an ex- 
ample ; thus, if one drop of water be added to a pail-full, the 
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increase would jiiiaB unnoticed ; but if one drop be added to o 
<U'i>|i the quautity would be doubled. It is euiirely foi' tim saiu 
reasoQ tb»t tbe iuteriial resistance may bo di;erensed to any ' 
extent witbouC evident efieL't upon the current if the external 
reHJvlaDce is large, lleuce, all galvanic batteries for tberapiiu- 
tical purposes are ari-nnged in oomimund ciruuit. For other 
purposes, however, such as cautery, etc., the ittleriial resistanci* J 
aasunies proportiuua of iiuiuiuent itniKirtauue. 



Arrangement of Cells for Slight External 
ReeiBtance. 



/ery small = 1. F 

01,m'.l.w»ch.vec-j5i:j->i by in™,i,,» U.t, nun 

ofcellB—ie,,C(>m»«)untIift'Ciiit of forty cells, we have -<^- 

= ^ = -^-^ — I—, while for one cell tlie result, as 1 

800+1 801 20.002 ' ■ 

above, ia _ - — , = - , deuioustrating disliuctiy that, where tbafl 

external resistance is slight, but little is frainetl in current strength. fl 
by increasing the number of cells, but a very different result ifl I 
ncliieved under similar circumstances if the internul I'eeistanije. I 
Ije diminished, i. c, a simple circuit of forty cells, thus,! 



1 



211 , 



40 + 1 -2+1 



or a very considerable increase of cur>>J 



rent strength. This arrangement is, wo repeat, equivalent to J 
the construction of one large ceil with elements forty times J 
greater in area tliau the original single-cell elenii'Uts, and lhere> I 
fore having an internal resistance forty times less. 



Equal External and Internal Resistance. 

The oxtirnal and intirnai rt'sislances being equal, the ciir- i 
rent strength will be increased to an equal degree by enlarjj- 
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ing the plates, or by increasiDg the nunil)er of cells ; thus, 
c=^- — i-i^' — - — , ; by making the plates forty times larger 

(simple circuit), we obtain 1^ i i q -^4-10 1^ 

multiplying the number of cells (compound circuit) — 
1 X 40 40 40 1 11 



10 X 40 -h 10 400-1-10 410 •" 10.205 "" 41^"" lOi 

4 

Recapitulation. A thorough comprehension of these princi- 
ples is of such paramount importance that a brief restatement 
in as simple a manner as possible may, perhaps, be not out of 
place. In order to increase the current, we must, it is evident, 
make the electro-motive force greater in proportion to the sum 
of the resistances ; if the external resistance is very consider- 
able, as when the human body forms part of the circuit, it is 
obvious that but little can be gained by decreasing the internal 
resistance. To make this plain a very simple fraction may be 

assumed. 

Let 6 = 1 

ir = 2 

(human body), er = 3000 ; 

thenc — - =— — - Now to diminish the internal re- 

~ 2 + 3000 3002- 

1 1 

sistance, one-half would give us, c =- q7;7^= oTy^^i so slight a 

gain as to be inappreciable. There is but one other resource — 
i. p., to increase the electro-motive force ; instead of dividing the 
internal resistance by two, let us multiply the electro-motive 

1 V 2 

force and internal resistance by two,' and we have _i2__^^ 

•^ ' 2 X 2 -f 3000 

go 1 

, or nearly double strength of cur- 



4 -h 3000 3004 1502 
rent. Therefore, it follows that the best results can be obtained 
from a battery when the internal and external resistances are 
as nearly equal as possible, and the following facts may be enun- 

1 Which may always be doue by arraiigement in compound circuit. 



THE VOLTAIC PILE. 



ciated : To obtain an increase of curre]it,Khcn the external reslgtance 
is great in pro}jOHwn to the internal, tlie mwiber iif cells must be 
iiicreasal {compound circuit), lb obUiin an increase of current, 
when the exUriial resistance is alvjM, the size of the plates must be 
imreastd {sivipk ctrcuit). Wlien the object to he attained is /leai, 
Its in the elect ro-cautei'y, the external I'esistuuce is very slight ; 
lienL'e, every object is gained by a few cells in simple circuit 
liaviiig elctiieata with lar^je suiTacee. Wlten llie inlerinil and cx- 
lerwil reatsCaiiceg are equal, the current may be equally modified 
by either increasing the number of cells or by eulaigiiig the area 
of the elements. 

Batteries. 



Many batteries of various ecu sL ruction 
have been advocated by dllFci'eiit ob- 
servers, and present their sevenil points 
of interest to tlie student. Otic of Che 
earliest is the votiaic pile. 

The Voltaic Pile. 

Upon a wooden Imsc n plate of copper 
in laid, nail upon that a strip of cloth, sat- 
ui-ated with dilute acid or saline solution ; 
upon the cloth in tnrn is placed a plate 
ofzincaudsooQ until asuBicient number 
of sets nre secured in position, each set 
beginning with copper and ending with 
zinc, the order of copper saturated cloth 
zinc being nwiuljvined. The current 
flows fi-om the zSnc through the saturated 
cloth to the copper, and if the first zinc 
and last copper are connected by means 
of a wire, the current will flow through 
U from the latter back to the former, 
ibrmlug a circuit. It is important in 
constructing the pile that the zinc and 
copper plntca between which no satu- 
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rated clolh inLcrvuiius Blitiuld be eoldered together, otherwiaj 
some acid sulutiun wiiulil iiilerpone ami luml luselupn 
tri(»l current id tUe I'everau dire«tiuu. Fig. S rlioM-H ILie voltau 
pilt!. C'represeiilB the copper phite restiug upon awuodcii plntS 
furiu, k; a, the nuidulalecl tttrip of cluth, and Z the zinc plate 

The Trough Battery. 

This iH merely a miHliticalioii of Volla's pile, but much morfl 
cimveiiiunl, and iiiiiy \n3 eonstrueted tliua ; A trough of v 
li;ird rubber, or yluss, ia divkiud into sevoriil com pari men t« 



ri>i^"r"i~:=<»'' 



\ ^'f'Vlls^K&^^>^-^. 



which are UUed with au acid Bolulion ; to this a cover is fl 
oil the under side of which are arranged copper and ziuc plat 
BO connected iu pairs that when the cover or lid is lowered b 
position upon the Irougii a ziue and copper plate is emerged ji 
each compartment, thus forming a number of galvanic e 
Bj a very simple device all tlio cells may be eouneeted togeth 
into an extremely uacful galvanic bfitleiy. See Fig. 1). 



ANIEL'9 cell. 



Daniel's Cell. 

One of the euliest i'o-ijEillmi coui^Laut cells wns coDstruuted by 
Dauiel alrout the year isao ; it has fora louy Lime suataintd its 
repulatiuQ as oue uf Lhe uiui^t couHLauL, tliougb not muet power- 
ful, of cells. 11 consists of n glase Jar, coutaiuiug dilute sulphuric 
neid ; into this Bts a vyUiiderof niac ; wilhiu the cylinder ia 
placed au ejirthenware porous cup, ^¥hich is filled with a satu- 
rated solution of copper sulphate, and upon a shell' arranged for 
the purpose within the tup are placed crystals of copper sul- 
phate, or they may be conlaiued in a little cupper hasket ; into 
thesolution acopper plate, alsocylinilrical in shape, is immersed; 
when the circuit is closed by means of binding screw attacli- 
ments upon the plates and a wire, the acid acts uima the zinc 
forming zinc sulphate and liberating hydrogen, the latter, as we 
liiive previously seen, is transferred to the copper, and there 
libei'alcdouly tomeetcoppcrsulpliittc, which it at once acta uiion, 

Fio. 10. 




forming sulphuric acid ami metallic copper, the latter being 
deposited upon the copper plate. The porous eup is useful to 
prevent the transfusion of the saline solution ; at the same thne 
it allows the acid formed by the action of hydrogen ui>on the 
ooppor solution to pernicnte it nnd How nut into the acid solu- 
tion surrounding the zinc elcui<;ul ; this solution, weakened by 
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its conetfliit action on the zinc, is as constantly replenished by 
fresh acid flowing out tlirougli tlie porous cup. See Fig. 10. 

Tlie electro-motive force of a Daniel ceil is a little over one 
volt (1.12). 

Grove's Cell. 

This cell diRers from Daniel's in that the sulphate of copper 
solution is replaced by nitric acid, into which ie imniei'scd a 
platinum instead of a copper plate ; by ibis means a greater 
electro-motive force is secui-ed. 




Here the hydrogen generated by the action of sulphuric acid 
upon the zintj and transferred to the platinum element meets 
the nitric acid and decomposes it ; liyponitrous acid is formed 
and passes off in fumes, constituting one of its chief objec- 
tions. The platinum is not acted upon by the acid, but the 
zinc ia liable to be rapidly consumed ; cnrcAil amalgamation 
will tend to prevent this. The value of the Grove cell ties 
in its low internal resistance and high electro-motive foi-ce ; 
but, on the other hand, the add fumes arc both annoying and 
dangerous ; moreover, the electro-motive force will be found to 
diminish as the concentration of the acid solution grows less. 
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The Bimsen Cell. 

This cell was constructed in 1843 ; it ia practically a Grove 
cell with a oiirbou cylinder in place of tlic platinum pktc. Tlie 
carbon used is that found deposited in gas-retorts or made from 
coke and bituminous coal ; it is a good conductor, A coraiuoa 
Bunscn cell will give a. curreut strength on short circuit of about 
V2 Amperes. 




Bunaen's CelL 

The chemical action of a Bunsen and Grove cell is identical, 
and they arc of equal power, but the Grove is less costly at first ; 
this, however, 1:^ nearly equalized by its being more expensive 
to work and less convenient in its application. 



Bichromate Cell. 

In order to obviate the dani^er and annoyance incidental to ' 
the fumes of nitrous acid thrown off by the use of nitric acid, par- 
ticularly when used in a confined atmosphere, chromic acid htw 
l»ecn substituted, or, wimt answers still better, (mtassium bi- 
chromate and sulphnric acid. 

Battery Solution.— An excellent solution for a battery of tliii 
sort is aa follows : Four ounces of potassium bichromate, sul" 
phuric acid four ounces, water eighteen ounces, Into thU | 
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solution is immersed the carbon plate, and the sulphuric acid 
surrounding the zinc element may be replaced by a saturated 
solution of common salt. The chemical action of this modifi- 
cation of cell is a little more complex than any of tlie preceding. 
Of course, the action of sulphuric acid on the salt of chromium 
produces potassium sulphate and chromic acid, hydrogen be- 
ing evolved ; that gas, acting with the chromic acid, forms 
water and chromic oxide ; the latter combines with sulphuric 
acid to form chromium sulphate. This cell possesses high 
electric-motive force, and a battery composed of them is often 
preferred, owing to its convenience and the general satisfaction 
resulting from its use. '^ 

Smee's Cell 

Is composed of a sheet of platinum between two of zinc im- 
mersed in dilute sulphuric acid ; its peculiarity consists of the 
roughening of the platinum plate by a layer of finely divided 
platinum deposited upon its surface, which has an extraordiniary 
efl'ect in facilitating the escape of hydrogen from the plate, thus 
reducing the internal resistance and increasing the electro- 
motive force ; it has been suggested that silver similarly treated 
with platinum would answer as well, and be less expensive. 

Le Clanche Cell. 

This cell is in great demand when continuous use is not re- 
quired. It consists of a porous cup, in which is placed a car- 
bon plate, tightly packed in manganese peroxide and gas graph- 
ite ; a block of lead is soldered to the top of the carbon and 
attached thereto is a binding screw ; the cup is then immersed 
in a vessel one-third full of a strong solution of sal ammoniac ; 
the positive element consists of a rod of zinc having a copper 
wire attached. This cell develops an electro-motive force one- 
third greater than Daniel's, and a resistance of from 2 to 3 
ohms. Continuous use soon polarizes it, but rest promptly 
restores its original power ; for this reason, it is much used in 
Dw construction of electric bells. 



THE LAW CELL. 



Duactvaiitn^'i^Carb'jn.^EnilNirrassmcnt JR sometimes caaeed I 
l>y llic furmaliuii of IocilI ciiiTenUitl llie juiiiiliuii of Ibrs ele- 1 
menl awl the binding sc row. Tliis in ilue lo llie porosity of tlie 
carbon, and may be remedied by previously tionlciiig tbu ptatc in 




hot pamffine, thereby closing the pores, but nnt impairini; it« 
eoudiictivity. Of course, the auriiicc should he thoroughly 
fiUrii|ie(l to I'craovc the external parafBoe. 



The Law Cell. 

This is merely a modifiwition of the Le Clanchc, two nirciiliir 
carbon jilates nud a ;!iiie ro4l being used ; the resiKtanee is thus 
reduced, nnd, therefore, the current increased. This cell is how 
used by many in preference to any other. 

Qalwnie current developed hy (Ae action of one: Jliiid onanoUier. — 
This cikn be demonstrated by carefully tilling one exti'umity of n 
U tube with nitric acid and the other with sulphuric acid ; both 
acids ehould be concentrated and care exercised not to permit 
admi^ctiirc. If into each fluid a platinum plate is immersed and 
conneeled with a gnlv;inomtter, a current will be observed pass- 
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ing from the sulphuric acid to the nitric through the galvan- 
ometer. 

Amalgamation of Zinc Element.— Zinc is an element of so 
much importance in the construction of batteries that it would 
be improper to leave this subject without referring to the neces- 
sity of having that plate well amalgamated. Pure distilled 
zinc is not attacked by sulphuric acid dilute, but, on the other 
hand, impure commercial zinc is freely acted upon and quickly dis- 
solved in that solution. This is due to the fact that the ordinary 
zinc of commerce contains more or less iron or lead, and these 
metals, being electro-negative to zinc, set up small local cur- 
rents, which hasten the chemical action, but do not result in 
any increase of the current in the connecting wire. To remedy 
this the plate is amalgamated, by means of which all impurities 
are removed from the surface. To accomplish this the plate 
should first be immersed in a solution of sulphuric or nitric acid 
to remove all extraneous matter, and then a small quantity of 
mercury dropped on the surface and thoroughly distributed over 
it by means of a brush, the plate will at once become amalgama- 
ted and assume the bright appearance of mercury. It is really 
coated with a solution of pure zinc in mercury ; by this means 
it is given the advantage of not being attacked by the solu- 
tion of the cell so long as the circuit is open ; and when it is 
closed the current will be found more regular and stronger. 

Dry Cell. — This cell has been much spoken of recently, and 
owing to its portability and convenience it is to be hoped that 
it may ultimately prove satisfactory and suitable to the various 
i^equirements of the practitioner. It is composed of a glass jar 
less than an inch in diameter and about three inches deep, hav- 
ing a double stopper, the lower one of resin-oil and resin, 
the upper one of plaster of Paris. The jar is filled with zinc 
sulphate made into the consistency of paste with flour; into 
this are dipped two plates of zinc, and between them a plate 
of silver chloride. The zinc is, of course, the positive plate, 
the silver chloride the negative, the connecting wire passing 
out through the stopper. These cells are claimed to give a con- 
stant current for quite an extendeil period, and to have an ek-c- 
tro-motive force of about one volt. The resistance naturally 
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varies wilh the size of the plates. Thus far, the pre pond era tion 
of evitleaca within the personal knowledge of the writers is 
decidedly against the praclicabllity of this form of batteiy, it 
having been found iu their hands unreliable. Fig. 14. 



Oalvanometer, 

It is a matter of paramount importance that the physician 
should kuow exaetly, or at least approximately, the size of the 
dose of electrii-'ity administered, and for this purpose a galvan- 
ometer must l>e used. This is an instniment which depends for 
its usefulness upon the prindpio that a current of electricity 
will dettect a magnetic needle from its noi-nml position. The 
galvanometer will not only show that a current is x>assiiig, but 
it will measnre its strength and iodicate its direction. Oliserva- | 
tions upon which this discover)' depends were first n 
by Oersted in 1819, He fomid that if a copper w 
tended in the magnetic, mcridinn — i. e., north and south, nnd A 
magnetic needle aui'pended immediately beneath it, in a condi- 
tion free to revolve, so long as no current of electricity passed 
through the wire the needle remained stationary and parallel 
to the wire, but so soon as the wire was included iu tht tw-^fi*. 
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of a galvanic battery the needle was deflected and assumed a 
position at an angle with the wire, and the stronger the electric 
current, the greater was the deflection, the tendency of the 
force acting being to cause the needle to take up a position at 
right angles to the one occupied whilst at rest. 

Fio. 15. 




Deflection of the Magnetic Needle.— This is entirely governed 
by the direction and position of the current and by its strengtli. 
If tlie current passes parallel to and above the needle from south 
to north, the north pole of the magnetic needle is deflected to 
the west, if the current is flowing in the same direction, but 
below the needle the north pole deflects to the east. When the 
current flows above and from north to south, the north pole of 
the needle is forced toward the cast, and if below in the same 
direction the needle swinirs to the west. 

Ainpere*8 rule is a most excellent and ingenious method of 
memorizing these facts. He fancies himself floating in the cur- 
rent of electricity, with his face always toward the magnetic 
needle, and in such a manner that the current flows in thedirec- 
ti(m from his feet to his head. In this imaginary journe}' the 
north pole of the needle is constantly on his left. It need not 
be added that as the swimmer turns with the current and finds 
himself under instead of above the needle he must of necessity 
turn himself and float upon his back m order to preserve the 
position of his face to the needle. 

If a magnetic needle is delicately poised in the magnetic 
/ncr/dlni}, free to move and surrounded by a wire parallel to the 
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same (above and below), through which a current of electricity 
is passing, it will be seen that the portion of wire above and 
the portion below the needle tend to deflect it in the same direc- 
tion, because the lower wire, of course, exerts an opposite force 
when the current flows in the f^ame direction, but in this case 
the upper wire current flows one way while the lower one flows 
directly back in the opposite direction. Thus, the encircling 
wire exerts a double-power influence upon the needle, and it 
may be increased indefinitely by increasing the number of turns 
in the wire. This, however, is not without limit,* for the resist- 
ance mcreases with the length of wire. 

Fio. 16. 




Let abb' a' represent wire with current flowing in direction 
indicated by arrow ; it is plain, if the current were flowing from 
a' to 6', i, e., in the same direction as in the upper wire, the two 
currents would oppose each other and the needle would remain 
unaffected ; but the lower current flows from b' to a' ; thus, both 
the upper and lower currents exert their forces upon the needle 
in the same direction. 

The Astatic System. 

Let ef and g h (Fig. 17) represent magnetic needles immova- 
bly affixed to the strip J fc and delicately suspended by a filament 
of silk ; let/ be the north pole of e / and gofgh;\et abed repre- 
sent the conducting wire of a battery, the current flowing from 
south to north, as indicated by the arrows (of the upper portion 
of the conductor). By this arrangement the power of the earth 
to resist the effect of the current upon the needle is couuterhol- 
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anced and the power of the current increased ; for the effect of 
the current a h would be to deflect the needle ef to the east, the 
effect of the current d c would be to deflect the same needle to 
the opposite direction, both currents being below the needle and 

Fio. 17. 




flowing in opposite directions, but the current a 6 being nearer, 
and consequently acting with greater force, the former deflection 
occurs. As the current a b deflects the north pole g of the 
lower needle to the west the current c d does the same, or, what 
is equivalent, h is deflected to the east the same as /. 

This arrangement is employed in the construction of an 
instrument of great delicacy. If the needles are exactly paral- 
lel, and have equal magnetic force, they will counterbalance each 
other, so tliat the earth will exert no influence ; in other words, 
when only acted upon by the earth's magnetism, they will 
assume any position indifferently. However, it is practically 
impossible to arrange two needles precisely parallel ; conse- 
quently, if their magnetic force be equal, they will come to a 
rest only when at right angles to the plane of the magnetic 
meridian. 

The Multiplying Galvanometer 

Depends upon the principle that magnetic needles are acted 
upon by a force multiplied by the number of turns in the 
coil of wire surrounding them (nearly), i. e., only diminished by 
the resistance of the wire. It is important to bear in mind the 
fact that galvanometers vary with circumstances, i, e,, the num- 
ber of turns in the coil, the thickness of the wire, and the varia- 
tion in magnetism of the two needles ; it is not desirable to 
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have the latter absolutely equal, becauie in that case the force , 
e:ccrted by tbe earth being entirely ueuti-alizod an exceedingly 
minute current of electricity woulii cause llie needle to assume 
a jwsition at right angles to the conducting wires. Hence, the 
power of tbe current under measurement to dellcct the needle 
would depend in some degree upon the diQiirence of magnetism 
between the two needles usiid in the galvanometer. 

The Hilliunpere Heter has become the standai'd for niensure- 
mcnt of electrical cuiTeuts. It is practicable and cunvenient both 
as to name and calculation ; its multiples accord well with the 
strength of current as used in medical aQplication. The resist- 
ance of the human body is, under ordinary circumstance a, 
about 3000 ohms. One millinmpcre is about the weakest cur- 
rent useful in practice through that resistance, and It is yielded 




■e Millar. 



Lby from two to four Daniel's cells, a larger number of ceila 
f yielding a stronger current in proportion; hence, the current 
[ itrength can be estimated in multiples of the milliampere, a 
convenient unit by which to e.xpreas tbe amount of electriuU^ 
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necessary to produce muscular contractures, etc., in electro- 
diagnosis. In tliis manner the important advantage is achieved 
of being enabled to compare results obtained by use of the same 
instrument or others of the same standard. 

Fig, 18 represents a milliampere meter ; the scale, it will be 
observed, extends from o in the centre to either side, the space 
between the divisions of the scale decrease as these divisions re- 
cede from zero. This is owing to the fact that the magnetic 
needle, or the earth through it, interposes a resistance to the 
deflecting power, which increases in strength directly in propor- 
tion to the amount of dellection ; hence, each additional unit of 
strength of current will cause the needle to traverse a shorter 
space for each additional milliampere as the current increases. 



Gal vano -Therapeutic Outfit. 

First in order of importance is to construct a good battery. 
For this purpose, perhaps, no cell will render more continued 
satisfaction than the Law, It is peculiarly fitted for a physician's 
use, owing to its quality of not becoming exhausted during dis- 
use, and its power of recuperation, if allowed an interval of 
rest after uj*e. It only requires an occasional supply of water 
or solution of ammonium chloride and at long intervals a re- 
newal of the zinc plate. A battery consisting of about fifty of 
these cells will supply a current fully adequate to all therapeu- 
tic purposes, and answers admirably for office work of all kinds. 
The battery cells may be conveniently placed upon shelves in 
the cellar and connections made to the desired apartment. 
The cells should be arranged in series ; that is, the zinc element 
of one cells connected to the carbon of the next, and so on 
throuijhout the number. The wires from the carbon of the first 
and the zinc of the last should terminate in the operating-room 
with a binding screw, and to these should be attached the cords 
of the electrodes when in use. 

Electrodes.— An electrode is an instrument by means of which 
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a (lose of electricity may be admiDietered to the patient. The 
variety is limited only by tbe imagination or ingenuity of tha 
inventor, A style nmcli used in eleftro-diagnosis is shown in 
Fig, 19, and is tailed an interrupting clettrmle. A is !i toppur 



plate surface wlutb hIilu coieied « th ib'^oibent cotton i 
to be applied lo tbe surfaue of t tie skui ; C, & biiidiug screi 
fi>r the attachment of thccondueting cord ; i? is the ioteiTopter 
£ C is a copper wire ; the Bprinf;, JJ, when pressed down by the 
linger of tbe operator, comes in contact witli the wire, tliuB 
closing the connection between the wires I) and i) A, the 
point V on which tiie finger presses being aurmuuiiled by an 
insulating button. This supplies the operator with a most 
convenient mode of chising tiud opening the circuit. The elec- 
trodes may be of any size and adapted to different purposes, 

(JommulabiT.—li is necessary to tlie PucccHsful use of any bat- 
tery in ther,i|«utieB that it sliould lie supplied with an arrange- 
ment by means of which the current may bo rapidly reversed ; 
tluit is to say, if the patient holds in his right hand the ekc- 
trotlo connected witli the carbon plate, and the one connected 
with the zinc in his letl, tlie current flows in through the right 
and out through the left. £y aienns of a commutator this cau 
be at once revei'sed, and the current made to ttow in through the 
left and out through the riglit. The right, which, in the first 
instance, was the positive electrode, becomes by means of the 
commutator the negative electrode. The details illustrating 
tlie requiR'mcnts of this ariiingenieiit will be enlarged uimn 
later. 

The importance of measuring tlie dose of electricity ran 
scarcely bo ovcresLi mated. No scientiflc amplication of this 
valuable a-eiit ciiii be made without it. Wilbuut it no recoi-d 
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of any value can be kept of previoue treatment, f<)r a battery- 
giving one current Btrengtli to-Jay will probably give another 
ti>-morrow ; rebietances will also vary. Tliese varialluus render 
tliB old syeteiu of eetimating current atretigth by the number of 
cells employed utterly unreliable. By ineaDS of the meter an 
aci'tirate eHtiuiale of the amount of electricity used can be made 
and recorded for exact comparison. 

The Cnrrent Controller.— By nienna of this excellent device 
the operator holds the electric current completely under his con- 
trol. The minutest dose can be given, and it can be increased or 
diminished hy almost imperceptible degrees. Several styles of 
current controllers or rheostats are in use. One of the best, if 
not the best, is that devised by Dr. G, Betton Maasey, 
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"It consists of a ground-glass plnte, proviiled with a tapering 
area of soil pencil -mark, broadening into thick praphite, im- 
bedded ill the glass, which is joined to lead. These act as 
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resisling maturials, over which a brass cnntnct attached to a 
crank I'an be made to pass. When the eraiik is plained to tlie 
right of the hard-rubliei' button the contact rests entirely on tlie 
glRBs, and the circuit is broken ; moving it sligtitly in the direc- 
tion of the arrow, it soon touches the grapliite mark and permits ' 
the least amount of current to )iase tlirough, since the current 
must pass through the ivhole length of the graphite, a fairly 
conducting medium. As the crank is slowly brought down 
from the point of rent and up the otiier side, there i:i a progres- 
sive gradual iucreiise of current, until finally the thick graphite { 
and tlie lead at the left of the rubber button is reached, when 
the whole power of the battery is turned on, there being 
resistance remaining in the controller. A reverse action turns 
the current oil! If this motion is made slowly, the increase and 
decrease is exceedingly gradual. The screw is for breaking the 
circuit, and sliould he screwed in when using the instrument. 
Special attention should he paid to the following points in order 
to prevent mislmps and to retain the full working capacity of 
the controller ; — 

"1. Always place the turuiugcrank to the right of the rubber 
button licfore applying the electi'odes to the patii'nt, so iis to be 
sure that the full reaistnnce is interpuseil, otherwise an un- 
pleasant or even dangerous shock to the patient might result. 

After the electrodes are in place, turn the crank down 
and toward the left slowly until the meter shows the desired 
strength of current, 

'3. If using an incandescent current, never bring the melnllic 
part of tiie cords or electi-odes together unless the ernnk ia ivell 
to the right, 

i. Prevent all dust from settling on the glass plate. 

B. Renew the graphite covering on the glass plate as often 
OS marks of wear are visible by rubbing graphite over the cir- 
cumscribed ai-ea fVoni a very sn/t pencil. 

" ~'iiis instrument is chiefly valuable in enabling us to use an 
incandescent-electric light current for all strengths of medico- 
gftlvanic needs." 

Water Kheostat:— Tics 1^ an wmogem^fft {yy which lli^ elec- 
trical current ia paused Uircn^h water by means ^ct' a 'inty^B-^tft 
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conducting rod ; tlie stretch of water through which the current 
flows is increaeed or dimiuislicd, a long stretch of wat«r, of 
course, offering greater resistance, and thereby resulting in a 
weaker current tlian a sliort stretch. By inserting or withdraw- 
ing the rod tlie current strength may be very gradually in- 
creased or diminished. 




The conducting wires from the buttery should be located in a 
convenient part of the tipartnient, and the current controller 
attached thereto; from the controller the current should pass to 
the uiilliamperc meter, and thence to the object of treatment. 

Stivprai; oljet'tton?' >'l*y ^^ nrcted M ft|ipl^ng to the eniploy- 
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1. The acid solution, by its continued action upon tbe elements, 
becomes constantly more and more dilute, and as a result evinces 
a progressive loss of power. 

2. As the solution increases In dilution the internal resistance 
of the cell also increases, a saline or acid solution being a better 
conductor than pure water. 

3. The action of the solution upon the positive plate results 
in an accumulation of deposit in some instances ; thus, where 
sulphuric acid, zinc and copper are used, zinc is gradually de- 
posited upon the copper plate, resulting in impairment of 
current strength, r. e., the potential of the copper is increased, 
consequently the difference of potential is diminished, which 
signifies less electro-motive force. 

Polarizatioil is another cause of objection to the single-fluid 
cell ; it means the collection of hydrogen upon the copper plate. 
Hydrogen being a poor conductor, its accumulation upon the 
copper would tend to decrease its conductivity, and as a direct 
consequence the electro-motive -force is diminished, owing to 
the fact that copper has the same kind of potential to hydrogen 
that it has to the acid ; therefore, the electro-motive force being 
the difference of potential^ the difference of their combined potential 
and that of zinc would be less than the difference of potential of 
one of them and the potential of zinc. To avoid these objections 
the two-fluid cells may be used. 

Faradism. 

In 1832 Faraday discovered that electricity or an electric cur- 
rent could be produced in a conductor by the mere proximity of 
another conductor through which a galvanic current was flow- 
ing. To this he gave the name of induced electricity or cur- 
rents of induction. The same effect is produced by the influ- 
ence of magnets. 

The peculiarity of the induced current is notable ; i e., it is 
only ajyparent at the moments of making or breaking the circuit in 
the conductor Hirovgh which the galvanic or inducing current floics. 

To demonstrate this, let us assume a copper wire conductor, 
both ends of which are connected with a galvanometer ; i, e,^ 



52 ESSENTIALS OP MEDICAL ELECTRICITY. 

iucluding the latter in a circuit ; a similar wire connects the 
elements of an ordinary galvanic cell ; if the latter be rap- 
idly brought near to and parallel with the first conductor, the 
galvanometer will indicate an electrical current passing through 
it, but in a direction opposite to the flow of current in the other 
or inducing conductor. If now the conductors are permitted to 
remain stationary in this position, the galvanometer will show 
no evidence of a current continuously flowing through the wire 
with which it is connected ; but if the wire attached to the gal- 
vanic cell be rapidly removed from its proximity to the former, 
the galvanometer will again momeiUarily indicate a current, and 
it will now be in a direction opposite to the first, or in the same 
direction as the current flowing through the conductor just 
removed. 

From these observations we obtain the following very im- 
portant facts : — 

1. If a metallic conductor, through which a galvanic current 
is flowing, be rapidly brought near to andparallel with another 
metallic conductor, a current will be induced in the latter, but 
its direction will be opposite to that of the former. 

2. If the conductors remain stationary and the current of 
constant strength, no such induced current will be observed to 
continue. 

3. If the inducing conductor be removed from its position in 
proximity with the other conductor, a current will again be 
observed, but it will now flow in a direction opposite to the 
first— i. e., in the same direction as the current in the inducing 
conductor. 

4. If the current in the inducing conductor be of very de- 
cidedly decreasing strength, a direct current will be observed in 
the adjacent conductor. 

5. If the current in the inducing conductor be of very de- 
cidedly increasing strength, a reverse current will be observed 
in the adjacent conductor. 

6. If the circuit of the inducing conductor be broken, a mo- 
mentary direct current will be observed in the adjacent con- 
ductor. If the circuit of the inducing conductor be closed, a 
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momentary reverse current will be observed in the adjacent 
conductor. 

The "faradic" current is the induced current 

The faradic and galvanic currents are practically the only 
important ones in therapeutics. Some observers, however, of 
late have been attaching increased interest to static electricity. 
The current flowing through the conductor connected with the 
galvanic cell is called the primary current; the current induced 
thereby in an adjacent conductor is called the secondary current. 

At each closure of the primary circuit a current is developed 
in the secondary circuit, momeutary in duration and opposite in 
direction. At each opening of the primary circuit a current is 
developed in the secondary circuit, momentary in duration and 
in the same direction. Instead of straight parallel conductors, 
coils of insulated wire, one within the other, may be used; 
a current passing through one inducing a current in the 
other. 

Generally the inner coil is connected with the galvanic cells, 
thus forming the primary coil^ and should consist of a compara- 
tively small number of turns of a thoroughly insulated, rather 
large, copper wire. 

The secondary coil should be made to slide over and completely 
encircle the primary coil, but at no point to come in contact 
therewith. It should have many more turns than the primary 
coil, and the wire should be much finer. It also must be well 
insulated. 

The primary coil, when encircled by the secondary, is practi- 
cally parallel thereto. Opening or closing, the primary circuit 
will be followed by an induced current in the secondary coil, 
governed by the statements above made. If the opening and 
closing of the primary current occur quickly and continuously, 
they will be followed by a recurrence of rapidly alternating 
currents in the secondary coil. It is by this method almost 
exclusively that the faradic current is utilized in medicine. 
The strength of current in the secondary coil is proportionate to 
the number of turns in the primary coil, multiplied by the num- 
ber of turns in the secondary. 

Euhmkorff^s Coll.— This apparatus was constructed for the 
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purpose of producing induced currents by means of alternately 
opening and closing in rapid succession the primary circuit. 

The primary coil is cylindrical in shape and hollow, for the 
reception of a soft iron bar or bundle of iron wires ; the second- 
ary coil, also cylindrical in shape, is hollow for the reception of 
the primary coil and iron contents. The primary coil is con- 
nected with the poles of a battery, and the current therefrom, 
alternately opened and closed, by means of an automatic ap- 
pliance, whereby a current is mduced in the secondary coil. 
The wires should be well insulated, and to attain that end great 
care is observed. The primary wire,-about four times greater 
in diameter than the secondary, is coiled first on a cylinder of 
cardboard and sun-ounded by one of glass or other good insu- 
lating material ; upon this is coiled the secondary wire. Not 
only should the wire be carefully insulated, by means of a silk 
covering, but each separate layer of coil well coated with melted 
shellac. The potential of the induced current varies with the 
length and diameter of the wire. 

Arma'nxjmX for Eapid Interruption. — By this contrivance the 
circuit of the primary current is completed by a hammer-tipped 
spring capable of vibrating, resting upon a plate called the anvil, 
and subject to the influence of the soft-iron bar within the coil. 
When the circuit is made, the bar becomes a magnet, attract- 
ing the hammer to itself, thus drawing it away from its resting- 
place upon the anvil. This immediately breaks the circuit, the 
bar is demagnetized, the hammer is released, and again assumes 
its original position resting upon the anvil. This instantly re- 
stores the circuit, and the process is repeated. So rapidly is the 
current made and broken by this means that the vibrations of 
the spring hammer produce a sustained musical note. The 
strength of current in the secondary coil depends largely upon 
the number of turns in the wire which surrounds the primary 
coil. If the coils are so arranged that the secondary may 
gradually be drawn around the primary coil, the induced cur- 
rent will be found to increase gradually in proportion to the dis- 
tance traversed by the secondary coil in surrounding the primary, 
and vice versa. The induced current will decrease proportion- 
ately as the secondary coil is withdrawn from the position 
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enuircling tbe primary, uutil finally a Inrge diminution occun ,{ 
auddealy, wlieu tbe primary coil is entirely nneiiciruled by tlie 
secondary, and the Lwu coils stand end to end. Tills iihenonietion I 
is much utilized in the coDstructiou of fiirndic biitlerica, Jbr tliQ ' 
purpose of increasing and dimini ailing the current. 

The same object may be accomplished with perhaps equal 
facility by meaus of a metallic cylinder of sufficient diameter to 
allow of its being inserted betweeu the soil-iron bar and the 
coil. The current can be rendily controlled by simply lose 
and withdrawing tlie cylinder. This phenomenon is of course , 
due to the fact that tbe metal intervening lietween the primary < 
current and the iron bar prevents the lines of force from acting i 
upon it. When the cylindi;r extends over the entire surfiico ot'A 
the iron bar very little magnetism occui's, and the coil becomes T 
one without a core. The magnetic core intensifies the current. I 
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^1 latter a slowly inlerrupted current may be used. It is not 1 
H portable, and for that reason is suitable cbietly for oflice and J 
■ hospital work. (See Fig. 28.) _^^d 
H Any cell of high electro-molive force imU litLli; internal reBiat^^H 
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e may be uaed to furnish the prininry current of a faradic 
battery. It aliould admit ea&ily of being cleaned and reiileu- 







it sliiiuld iia\e an arrangement liy meana of wliicli the 
elements can be withdi'awn fi-oiii lliu tluid wlien not iu use. Tiie 
uurraiit resulting from ttie peuduiuui or sli>w iuterru|)tcr diirers 
Bomewliat In its character from Ihe quiclc interru|]ter. When 
the latter is used the current is reversed bo rapidly that there 
exists practically no choice of pole. The current associated 
with the alow interrupter, however, apprnxiniales in character 
the galvanic, and we have actually a cathodic followed by an i 
anodic effect at each interruption. Figs. 211 and 27 combine the 
galvanic with the faradic ', cither may be umpioycd at will. 

FrankliDic or Static Slectricity. 

This, as a science, may bo said to treat of peculiar pliciiomcna ' 
exhibited by bodies when subjurtcd to certain uieehnuicikl forces, 
and of the roHultB of these iihenonicna. 

As a physical ajjcnl it is eajMible of developing immense | 
power, exhibiting itself chiefly by the properties of attrnclion , 
and repulBiiin. ' 

SUitiail dectricUii is electricity in a state of rest, and is com- 
monly developed by means of friction, being sometimes called 
frictional electricity. Before the Christian era it was known | 
that aml>er wben rubbed wilU sUk a«&vi\i\^ cKrtaC™. >j;\wit-eC\«*.^ 
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such as that of attracting light bodies. Thales of Miletus 
asserts that this power was due to the presence of a soul in the 
amber which when under the influence of excitement left it and 
returned with the light bodies. Tourmaline is the substance we 
suppose the ancients to have meant by '* lapis Uncurius,^^ a sub- 
stance possessing like properties. The functions of the dlectric 
fish were also known, but that any relation existed was not sus- 
pected by the early philosophers. But little advance in the 
knowledge of tliis subject can be traced until the reign of Queen 
Elizabeth of England is reached, when Dr. Gilbert of that 
country showed by a series of experiments that amber did not alone 
possess these characteristics, but that other substances, such as 
sulphur, glass, etc., claimed a share. To Dr. Gilbert, perhaps, 
as much as to any one, may the credit belong of having founded 
this science, crude, few and isolated though the facts were at 
that early day. 

The common experiment of rubbing a rod of glass with a frag- 
ment of dry silk and the property it thereby develops of attract- 
ing small pieces of paper, etc., is known to every schoolboy ; 
likewise the fact of the paper after remaining in contact for a 
certain length of time with the rod, suddenly seeming to be re- 
pelled and flying off*. 

For many years it was supposed that only certain substances 
possessed the quality of becoming electrically excited and they 
were called electrics, all other bodies being named non-electrics. 
Now, however, it is known that the ^^ electrics " were simply non- 
conductors, consequently the ^^ non-electric''^ are conductors. 
Conductors, when carefully insulated, readily develop the 
qualities of non-conductors, hence under certain circumstances 
all bodies are electrics. The classification into'conductors and 
non-conductors is practically correct, so great is the difference 
of bodies in this respect. Dry gas is, perhaps, the only perfect 
non-conductor. 

When a scrap of paper, after having been attracted by the ex- 
cited glass rod, drops off", it is said to have become electrified. 

If an insulated conductor, having been electrically excited, 

be placed in contact with a similar conductor, it will be found 

to lose a portion of its electricity and both conductors will 

l?e equally electrified. If the electrified body be very large in 
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proportion to the other, but little of its electricity disappears ; 
if, on the contrary, it be small compared with the other body, 
much of its electricity will be lost ; while if the difference be 
infinite or very great, as in the case of the earth, all evidences 
of electrical excitement will be seen to disappear from the 
smaller bo<ly. 

Poor conductors are utilized to insulate good conductors, and 
dry air is one of the best of insuhiU/i's, When air becomes moist 
it is much improved as a conductor hence experiments, etc. ; 
with frictional electricity are best carried on in dry weather. 

Conductors and Non-conductors. 

When a rod of glass is thoroughly dried and briskly rubbed at 
one extremity with dry silk the portion subjected to friction 
will be found by means of the electroscope to be electrified, and 
the other portion unchanged. This fact applies not only to 
glass, but to many other substances, such as shellac, sealing-wax, 
etc. But a rod of metal subjected to the same treatment will be 
equally electrified over its entire surface. From this experiment 
it is evident that we have in nature good and had conductors of 
electricity, just as we have good and bad conductors of heat. 
An important application of this principle consists in utilizing 
the poor conductors to insulate good ones. The conductivity of 
bodies is entirely relative and really constitutes the quality 
treated of in the article on galvanism under the head of Resist- 
ance. The best conductor of electricity is not iKrfect^ and the 
worst does not tmiirely insulate. 

The following substances compose a list of electric conductors, 
the best being named first and the others following in order of 
merit :— 

All metals. Snow, 

Well-burned charcoal. Living vegetables, 

Plumbago, Flax, 

Concentrated acids. Hemp, 

Dilute acids, Living animals. 

Saline solutions. Flame, 

Spring water. Moist earth and stones. 

Rain water, 
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The following are non-conductors, in order of non-con- 
ductivity : — 

Shellac, Wool, 

Amber, Feathers, 

Resin, Dry paper, 

Sulphur, Leather, 

Wax, Baked wool. 

Jet, Porcelain, 

Glass, Marble, 

Mica, Camphor, 

Diamonds, Caoutchouc, 

Ebonite, Chalk, 

Gutta percha. Oils, 

Silk, Metallic oxides. 

Ko perfect insulating substance is known ; electricity will sooner 
or later escape by means of the insulating supporters and seek 
its common reservoir, the earth. Glass is quite commonly used 
as an insulator, but the moisture which accumulates upon it 
offers a passage to the electricity which is eventually traversed. 
It may here be noted that glass can be much improved as an 
insulator by a coating of shellac. 

Two Kinds of Electricity. 

It has long been known that different bodies seem to develop 
different qualities when electrically excited. For instance, a 
glass rod, after being electrified by means of rubbing with silk, 
if approached to and brought in contact with a pith ball sus- 
pended by a silk thread, the ball will, as we have seen above, 
at first be attracted only to be afterwards repelled ; the latter 
being now electrijied w'lW continue to be repelled by the glass rod 
so long as they both retain their electricity, but if a stick of 
sealing-wax (electrified) be brought toward the ball immediately 
after it has been repelled by the glass, the former will be at- 
tracted thereby more strongly than at first it was attracted by 
the glass. Different explanations have been advanced to 
account for this phenomenon, among them the theory of two 
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litiids, but so f»r as absolute knowledge is concerned we are] 

perhaps »s far tVora enliglit«nmeut aa the ancients. 

Theory of FLuids. 

Franklin supported the theory of a subtle indefinable flijid per* 
vading every substance and capableof a peculiar repulsive action 
upon its own particles, each substance possessing a quantity 
peculiar to itself in its natural condition. By means of tViction 
this quantity increases in some substances, and is said to be 
positively electrified. By tile same meaus other substances lose i 
a, portion, and are saiil to be negatively electrified thereby. 

Positive electricity attiacti negative and repels positive. 
ITegatiTe electricity attracts positive and repels negative. 

The kind of electricity which may be developed upon a body 
depends not only upon the substance of the body itself, but 
upon the subsl.iuce of the body with which the friction is 
applied. For esample, commonly glass assumes positive eleo 
triclty, but if it be rubbed with the fur of a cat negative 
electrilication will result. The character of the surface is 
also of much moment. A piece of rough glass rubbed with a 
smooth piece of the same will result in the former developing 
negative and tlie latter positive electricity. Silk ribbon rubbed 
together will result in negative electricity being developed upon 
the piece transversely rubbed, and positive upon the piece 
rubbed with Us grain. Also, if portions of the same substance 
having similar surfaces, but licing of a different temperature, be 
rubbed together, negative electricity will result upon the warmer. 
Color, also, governs the kind of electricity in some instances ; 
thus, a piece of black silk rubbed with white will assume nega- 
tive electricity, while the lalter acquires positive. 

Other Methods of Generating Electricity by 
Means of Mechanical Force. 

Some minerals, when pressed between the fingers, develop 
electricity ; for instance, topaz, fluor-spar, and cale-spnr. Tear- 
ing apart strife or lamiufe, as of minerals, cardboard, etc., will 
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produce the phenomenon, as will also vibrations. Other methods 
not necessary to detail here produce the same results. 

It is interesting to note that when two bodies are rubbed to- 
gether two kinds of electricity are developed at the same moment, 
the one being positive and the other negative in an equal degree. 

Electrical Induction* 

It can be demonstrated by a well-known experiment that a 
positively electrified globe, supported upon an insulator, will 
electrify a neighboring cylinder (also insulated), even though 
they be not in contact, the cylinder previously having been 
neutral. It can also be shown that the portion of the cylinder 
nearest to the globe will exhibit negative, and the most remote 
extremity positive electricity. The ends of the cylinder will ac- 
quire the .greatest electrification, and this will diminish towards 
the middle until a point is reached where no electricity exists. 
If the globe be removed to a great distance from the cylinder, the 
latter will again assume its previous unelectrificd condition. 
This phenomenon is entirely analogous to the facts already set 
forth and observed in regard to galvanic induction, and is pro- 
bably, caused by the separation and induction of the combined 
electricity upon the cylinder. If, now, while the globe is near 
the cylinder the latter be connected with the earth, the positive 
electricity will flow thereto and an equal quantity of negative 
electricity will take its place upon the cylinder, and by means 
of the force of attraction exerted upon it by the positively 
electrified globe will increase the negative charge upon the end 
near it. Then, if the connection with the earth be broken and 
the globe removed, the cylinder will be found to be negatively 
electrified and the whole cylinder will be equally charged. This 
is sought to be explained upon the same theory as the polariza- 
tion of molecules in the galvanic cell, the molecules of the air 
being the intervening medium. By careful experimentation 
Coulomb demonstrated the two following laws : — 

1. Two electrified bodies attract and repel each other with a 
force which varies inversely as the square of their distance. 

2. Two electrified bodies remaining at a constant distance 
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from each otber, repel nud altmct each other with a force which j 
varies directly with tlie product of tlie quautlliee of electricity | 
with which they are charged. 

It is also established that the electricity of a body occupies ( 
the surface only, and is t:ept in tliat position by means of the | 
resistnnce offered by the air to its escape, and is driven from 
the centre by its own self-repulsive force. This fact would 
natui-ally lead to the conclusion that a hollow wire would at ( 
least be equally aerviecable as a conductor of a galvanic e 
rent, but the relation is not borne out, for in the case of currents | 
the caimcity depends upon the cross section of the conductor, a 
fact important to bear in miud. A hollow wire is not so good 
a conductor as a solid one. 

The first frictional electrical machine was invented by Von 
Guericke, the constructor of the first air-pump. IiuproveiuentB 




were subsequently added by Hawksbee, Winckler, and Ranu- 
den. In the first machine the hand was used as the source of 
friction, imparting negative electricity to a globe of sulphur 
revolving on an axis, the positive flowing through the body to 
the earth. 
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A modern modification of Ramsden's machine is shown in 
Fig. 29. It consists of a glass plate and two pair of rubbers 
made of leather stufted with horse-hair, and coated with bisul- 
phide of tin ; they produce the friction and are connected with 
the eatth by means of a chain. The reservoirs consist of two 
cylinders of metal, hollow, and supported by glass pillars, their 
ends being globular. From the end near the glass plate pro- 
jects a curved U-shaped rod, armed with points to facilitate 
the reception of electricity from the plate— the points, or comb, 
extending to both sides of the plate, as in Figure 29 ; the other 
ends of the cylinders are connected by a rod of metal, from the 
centre of which projects a short additional rod, terminating in 
a knob for the discharge of the electric spark. A brief ex- 
planation of the phenomena exhibited by this machine is as 
follows : When the glass plate is revolved the friction of the 
leather rubber upon it decomposes the electricity, the posi- 
tive seeking the glass, the negative the rubber ; the positive 
electricity upon the glass plate as It approaches the brass 
comb is attracted thereby, and passes thence to the cylin- 
drical reservoir, which is called the prime cm\ducior ; negative 
electricity passing from the comb in return is carried by the 
glass plate to the rubbers ; these being connected with the earth 
receive positive electricity, which is attracted strongly b}'^ the 
negative they already contain. But this union is only made to 
be again immediately disrupted by friction, the positive elec- 
tricity flowing to the prime conductor, and thus reinforcing the 
charge there contained, until, finally, the tension becomes so 
high that it is discharged in sparks with a characteristic sound. 

The Holtz Machine. 

Many forms of electrical machines have been constructed. 
Some are charged by friction and some by induction. The 
Iloltz machine, perhaps the best known of all, is of the latter 
form, and develops great power. It was invented in the year 
1865, in Berlin. Uncomplicated, this machine consists of two 
glass diiiks, varnished, one of which is made to revolve, the 
other remaining stationary. The stationary disk contains two 
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opeuings, through each of which passes a paper strip with ■* 
pointed end, tlie base of each strip being fastened to the plate I 
above the opening ; they are called the inductors. The plates * 
are close to and parallel with each other ; opposite to the open- 




ings, but on the other side of th r v I m" i Itip m placed a 
pair of metal combs joined by conductora to the polis the 
revolving plate is rande somewhat Rraaller than the stationary 
one, and the paper points project m an opposite direction to the 
motion of the revolving plate ; the latter has no openings. The 
combs are connected with insulated conductors, which are so 
arranged that they may be approximated lo each other ; they 
terminate in knobs to facilitate the discbarge of sparks. 

To operate the machine the knobs of the conductors are brought 
together, and one of the paper armatures electrified by bringing 
in contact with it, for instance, a negatively-electrified body ; 
the glass plate revolving, both armatures become electrified, 
one with negative the other with positive electricity. The 
first armature being negatively charged tends to repel similar 
electricity near it and attract the opposite; hence, negative 
electricity will depart from the face of the revolving plate nesx 
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tlie armature to the metallic comb placed there to receive it 
w^bile from the comb-points will flow to the plate positive elec- 
tricity ; the other (second) comb, of course, also becomes ne<»a- 
tive, as it is in connection with the first, as above mentioned • 
tbus, the glass plate passes from the first comb to the second 
positively electrified. Upon reaching that point the second 
comb discliarges upon it negative electricity, and receives from 
it positive in return, and so the second armature also becomes 
positively electrified by the discharge through its points of 
negative and reception of positive electricity ; the plate passes 
on to the first armature negatively electrified, hence the first 
comb will discharge positive electricity upon the plate, the 
latter giving negative in return ; the armature will also attract 
more negative electricity from the other side of the plate, owing 
to its having a higher tension. Each time the revolving plate 
passes the first comb it has imparted to it an additional supply 
of positive electricity; the same thing follows in relation to 
the second armature ; hence, both armatures become charged 
with opposite electricity of constantly increasing tension. A 
current of positive electricity flows from the second to the first 
comb, and a negative current in the opposite direction. Upon 
separation of the knobs electricity will leap from one to the 
other. The working of the machine requires that every portion 
of the revolving plate must be charged with a different kind of 
electricity from that of the armature it leaves, and with the 
same kind as that possessed by the armature it is nearing. To 
accomplish this the conductors must be near enough to each 
other for communication. The Holtz machine is extremely 
sensitive to moisture, and works best in a very dry room. The 
original machine has been improved by various additions, sug- 
gested by different observers. 

Effects Produced by Induction Machine. 

The two rubbers of Ramsden's machine being connected by 

'^^eans of metallic conductors with the earth, and the insulators 

f-^^d plates having been well dried with a warm cloth, the plate 

^® i'apjdJ^ revolved, and the machine is in operation. If a finger 

^^ presented to the prime conductor for a B^Vvott s^^ce of time. 
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a spark will be the reeult, accompitnied by a sharp stinging 
seDsaliou in the part presented ; this is the result of iuduution, 
the finger poasesaing induced negative electricity, as a result of | 
positive electricity contained by the prime conductor, the tension 
increasing until the resistance of the air iB overcome, wlien the 
spark occurs. In a darkened room the latter is plainly visible. 
Bycmpluying a b olio w-metal conductor of globular shape, witb 
a well-iDGiilated bundle, long sparks may be obtained, because 
a greater quantity of negative electricity may be Ihua accumu- 
lated. Through a short distance the spark will take a straight 
course ; through a long distance a zigzag course, resembling 
lightning. Under favorable circumstances, i. e., dry air, etc., the 
machine will emit a pecuhar hissing souutl, and bright, luminous 
so-called brushes may be seen issuing from points of the con- 
ductor. When the electricity is not otherwise conducted away, 
bright E]mrkB frequently fly across the plate between the con- 
ductor and the rubbers. It has been observed that positive 
electricity affords larger bruslics than negative. If a person he 
placed upon a platform supported by glass feet, i. e., insulated, 
and connected with the prime conductor, he will become elec- 
trified, and sparks may be obtained from any portion of the 
body, even through the clothing ; the resistance offered causes 
the spark to emit a distinct report, together with a stinging 
sensation. The hair of the subject, if of the proper length, will 
stand on end and separate. If a point be made to terminate a 
portion of the conductor, as iu 
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the electricity will create a distinct breeze or current of air, 
easily distinguished upon the open palm, and well illustrated by 
the figure, which shows the flame of a lighted caudle swept 
from its natural course by the current. The discharge of elec- 
tric sparks also decomposes the atmosphere forming ozone, which 
is readily recognized by its odor. 

The Leyden Jar, 

Electricity may be condensed until extremely large charges 
accumulate. This is accomplished by means of two conductors, 
separated by a glass plate or non-conductor, one of the con- 
ductors being connected with the earth, the other with the 
prime conductor of a machine, as in Fig. 31 ; the conductor 



Fig. 32. 




in contact with the machine becomes charged with one kind of 
electricity, while the other becomes charged with the opposite 
kind, which is held in position and drawn from the earth by the 
power of the glass plate or dielectric. It is upon this principle 
that the Leyden jar is constructed ; a glass jar is coated or lined 
both inside and outside with tinfoil, sufficient space being left un- 
coated above to prevent union of the opposite charges taking 
place ; the mouth is closed with a well-baked wooden cover, 
perforated by a rod suspending a metallic chain, which extends 
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to the bottoiu, thereby connecthig the rod with the inner linii^ | 
of the jar. The upper or external extramity of the rod consists I 
of a knob, by lueaox of which connection may be readily mnde I 
between the inner and outer eoatg, the eomiuon means of com- 
munication being a jointed discharger wi til an insulating handle. 
To charge the Leyden jar, one of the coalings 
should be connected with the prime conductor Fia. 33. 

of the ordinary electric nmchjue, and the utlicr 
with the earth, it being immaterial which. If 
the Holtz machine be in use, it ia evident that 
one conductor should cunnect with the inner 
coating of the jar, the other with the outer. 
A battery of Leyden jars can be cunetrncted 
by arranging several jura upon a sheet of nny 
good cooducting metal, and connecting all the 
inner coatings by means of chains or rods ex 
tending from one knob to another. Ii may be 
charged by connecting one jar with a machmc, 
as aboyp directed. The nsofiilness of the Ley 
den jar is best displayed where great intensilj is dLBired, itB 

Fia. 34. 



>~L, 




capacity depending upon, within limits of course, the thickness 
of the glass, the intensity increasing with the thinness of the 
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glaM,andupoiithesizeofthejar and the extent of surface coated. 
The Lcyden jar may be discharged by bringiag tlie outer and 
inner coatings into connection with a conductor. Combustible 
matters may be consumed by means of the Leyden jar, and a 
fine metallic wire may be heated and even fused thereby. Afler 
dischai^e and a sliort interval of rest, one or two additional, 
though diminished, discharges may be obtained, and are called 
the residual charges. Lightning and the dischat^ of the Leyden 
jar possess the same characteristics— even a small jar commu- 
nicating a very perceptible shock to a subject, a large one being 
capable of producing death, 

Fio. SB. 




treated wilh Static 



Morton, of New York City, writes concerning a "new sys- 
tem of therapeutic administration of static electricity." By 
means of certain ingenious apparatus he claims to transform 
the old spark effect of the JnHiieuce machine into a current 
CEtpable of most, if not all, of the uses formerly supposed to be 
possessed by the galvanic and faradic currents only. The 
application may be made by means of moistened sponge or 
cotton electrodes, precisely siniiliir to those already described in 
a previous page. The spark i'eature is not abolished entirely, 



THE LEYDEN JAR. 
Fio. 36. 




Patient bcEag treated w[th Statit 



bnt Is arranged to occur at a distance from the aubjeL-t under 
tieatiuent, but of course forma part of the circuit willi Ilie 
paltent. Tho eloctrodc, wliicli the ituthor calls the static uni- 
versal electrrale, 18 represented in Fig. 38. 

Tho Bpark ooeura between the two bulls ; the latter may be 
Beparatcd or apurosimated by meftua of a trigger. 

Tlie advantages elaiuied for this method are strong contrao- 
tioDS of muscles with little paiu ; while the motor Qlnments ars 1 
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excited, the sense of pain seems abolished. Morton claims that 
in this relation it may prove a valuable substitute for ordi- 
nary massage. If further research confirms this view, it would 
amply reward the investigator, massage as a factor in modern 

Fig. 38. 




treatment having assumed such pre-eminent importance in its 
proper sphere. In this connection the author claims that no 
form of electricity acts as a " more energetic" stimulus to nerve 
and muscle than this. If this can be demonstrated, consider- 
able advance has been made, nerve aud muscle irritability being 
of course different in character. 

" The second prominent characteristic^^ is its power of alleviating 
pain, the author claiming a " specific analgesic quality for the 
current" entirely separate from its influence upon the circula- 
tion and lymphatics ; sciatica, ovarian pain, and the pain due to 
tonsillitis acuta, are, he states, quickly subdued. In this respect 
he believes his system will prove decidedly more efficacious than 
either faradism or galvanism ; the latter, however, he concludes, 
may, in certain cases, succeed in relieving pain where the " new 
system fails," owing to its superior electrotonic, polar, and elec- 
trolytic qualities. The author advances a theory by way of ac- 
counting for the analgesic effects of his system, in which the 
results are attributed to a vibration set up in the sensory nerve- 
filaments, whereby the power of transmitting impressions is 
suspended, the alternations of this current being extremely 
rapid. The author also hopes at a future time to be able to 
show that this current is capable of penetrating quite as deeply 
into the human tissues as the galvanic— perhaps more deeply. 
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"Tlie Frankliiiic inter- 



Dr. Morton has D»raed his difiuovery '' 
rupled current." 

Maay different lacthoda may be enaployed in the treatment of 
diseases by static electricity, a great advantage being claimed in 
that the patient need not disrolie. One earnest advocate of its 
value as a therapeutic agent writes of liaviug relieved a female 
patient from tiie suftering induced by a bunion— he drete a spark 
(not the bunion) through the shoe. 

The Fhysiological Effects of Electricity. 

Having now given within certain limits an extremely condensed 
aud, we trust, siraplilied outline of electricity as it exists and is 
generated, we pass on to the important subject of its physio- 
logical bearing and application to medical diagnosis and treat- i 
ment. We have not made even an attempt to discuss theories 
or mathematical demonstrations ; the scope of this little work 
being simply to lay before the average medical student and prac- 
titioner, unacquainted with the more advanced physics, sufficient 
knowledge of the subject to construct a battery and use it in- 
telligently, both in treatment and diagnosis. First in, order of 
importance the physician's equipment should be discussed ; but it 
will be more convenient to describe the instruments in detail in 
connection with their application. In a general way, a physician 
should be supplied with a galvanic battery of asuflicient number 
of cells, fifty Le Claoehe cells or modifications thereof answer- 
ing every ordinary purpose. These should terminate in binding 
screws, located in a convenient part of the office for the attach- 
ment of reophores— i. e., insulated copper-wire cords or conduc- 
tors, by means of which the current may be conveyed through a 
current controller, thence by additional cords through a miilt- 
ampere meter ; from the meter reophores should conduct the 
current to electrodes, ljy means of which doses may be adminis- 
tered. The chief qualities of a battery, as stated previously, 
are convenience and cheapness. The requisite of being able to 
bring intouse any stated number of the battery cells is, to a very 
great extent, obviated by the use of the current controller. 
tlie cells may be in circuit, yet only a certain quantity of cur- 
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water, because salt renders the fluid more conductive, and 

without moisture the epidermis is an extremely poor conductor. 
Warm water is a better conductor than cold, and is also much 
more agreeable to the ieelings of the patienL £rb, however. 

Fig. 40. 




remarks that he has long discontinued the use of salt, owing to 
its causation of more marked burning of tlie ektn, production of 
stains upon clothing, and destruction of electrodes by electrolysis. 

Special electrodes for special purposes will be required, among 
which may be mentioned the famdic brush, often an extremely 
effective agent, and electrodes applicable to diseases of the rec- 
tum, uterus, pharynx, larynx, bladder, and, in fact, of most of 
the organs of the human body. 

The field of usefulness occupied by electro-therapeutics ex- 
tends over the ground of both treatment and diagnosis. In 
the latter Jt may, indeed, with safety claim infiiilibility within 
certain limits. 

For tlie purpose of treatment the human body may be looked • 
upon as a conductor, subject to all the laws bearing upon the 
distribution of the current through a conducting mass. 

Organic tissues are poor conductors and may be looked upon 
as BBtYm% solutions, which vary in amount of dilution, supplied 
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from positive to negative institntly. It is equally important. 1 
that tlie commutator sliould not only be capiible of reversiag 1 
llie current, but also of rendering llie circuit cloaeil or open as i 
desired. 

The galvanometer, at first only recognized aa a nieana by 1 
wbicli the passage of a current could be kuown, ia now useful J 
in the form of a milliampere meter to measure the quantity of 1 
the current. It is absolutely neeessaiy for exact scientific diag- r 
Dosis and treatment. 

The effect of a certain eorrenl strength differs with the size 
of the electrode. 

The reophorea should consist of well-inaulatcd flexible copper 
wires about ~2 mm. in length. They are commonly inttulatcd by 
means of rubber covered with silk. The rubber protects them 
from moisture, which would interfere with perfect iDsulation. 
The connection between binding screw and reophore should be 
as thorough aa possible. 

Metallic electrodes are of unlimited variety and should be pro- 
vided, when necessary, with insulated handles for the grasp of 
the operator. The applied portion should be covered with 
sponge, or preferably, owing to cleanliness and facility of re- 
newal, with abaorbeut cotton moistened with a warm saline 
solution to promote conduction. This covering was suggested 
first by Massey of Philadelphia. 

For precise localization, such as nerve-branch ea, motor points 
of muscle, etc., electrodes terminating in a small knob should 
be used. Erb denominates an electrode of this sort, the cover- 
ing of which does not exceed (J inch) ictm. in diameter, a "^ne" 
electrode; one not exceeding (J inch) 2 ctm., a "swiaU" elec- 
trode ; one of ('2 inches) 6 ctm., "medium;'''' one not exceeding 
{2\ inches) 6 ctm. wide by (4J inches) 12 ctm. long, "ion;e." 
Electrodes of greater size than this are called by the same emi- 
nent authority "very large." These, he slates, will rarely he 
required. 

The electrodes should be readily adjustable by means of a 
screw to the handle, and a handle, such as previously described 
with interrupting arrangemeut, is oft^n useful. The covering 
of electrodes should always be moistened with warm saltQe 
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patient to make a careful preliminary trial with the milliampere 
meter. 

It has been observed by Erb that more resistance is offered to 
a current from scapular region across to scapular, with the elec- 
trodes nearly approximated, than from nape of neck to popliteal 
space— a point worthy of note. The depth of the cuticle is 
pretty much the same at all points, and as it is the sur- 
face extent chiefly that governs the resistance, the size of the 
electrode becomes an important factor. A certain density of 
current is necessary to produce desired therapeutical results. 
The density of a current may well be likened to the strands of 
a cord. If these are unwound and permitted to form a loose mass, 
they represent a current of little density, but if, on the other 
hand, the strands are tightly gathered together into a compact 
mass, or cord, they then represent a current of great density. 
The strands are the same in constituency and number in either 
case, but the results obtainable from them in their different con- 
ditions are far otherwise. Many more stratuls of electricity 
may be applied to a given space, if the current be of consider- 
ble density, than if the reverse obtains, and the effects will be 
proportionate. If the current of electricity enters the body 
from two ordinary electrodes, the number of threads of elec- 
tricity depending upon the strength of current diverge from 
the electrodes and extend over the entire bod}'. The greatest 
density, however, exists in the immediate neighborhood of the 
electrodes. If the electrodes are equal in size, the current 
will be of equal density at either pole ; if not, the greater den- 
sity will exist at the smaller electrode. Deeper in the body, the 
greatest density will naturally be found to exist in a straight 
line between the two electrodes. Of course, the density dimin- 
ishes enormously almost immediately after penetration of the 
skin, the strands bellying out in their diffusion through the 
body. (Figs. 41 and 42.) All portions of the body are said to 
contain some threads of a current passing through any part of 
it, but outside of the zone of greatest density— t. f., straight 
line between the electrodes— they are so few and unimportant 
as to become unworthy of consideration. A clear conception of 
this is necessary to the proper application of this force to thera- 
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peuti<:s aud the accomplishment of desired resulls. A glance at 
FigB, 41, 42, 43 and 44, will render the idea more simple, If 
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the part under treatment is deep-seated, the electrodes should 
be large and placed far apart, for the nearer the electrodes to 
each other, the greater tlie proportion between the threads of cur- 
rent of greatest density and those of least, the greatest density 
being superficial. If the part to be treated is of considerable, 
size and near the surface, two equal medium-sized electrodes 
should be used, applied close together, and in near proximity 
to the spot. (Fig. 43.) 

If it is desired to treat a point near the surface with a cur- 
rent of certain density, two electrodes should be used, one quite 
small, the other as large as possible ; the small one applied to 
the immediate vicinity, the large one as far distant as possible. 
The effect depends largely upon the difference in size of the 
electrodes ; if one should prove so small that its resistance ob- 
structs the current, it must be overcome by increasing the 
strength of the current. 

For the treatment of any deep-seated organ the electrodes, as 
just stated, should be large and located far apart. A typical 
illustration may be cited in the treatment of the spinal cord, the 
object being to apply the electrodes in such a manner that the 
diseased part will, so far as possible, be situated in a straight 
line between the two electrodes. (Fig. 44.) 

It has been observed by Helmholtz that the galvanic current 
disperses more effectively through deep-seated parts than the 
farad ic. This fact is important. 

Electrolytic Action of Electricity. 

The physiological and therapeutic action of the currents can 
be better appreciated with some knowledge of this subject. 
Electrolysis is simply the decomposition of any substance by the 
galvanic current, the electrodes themselves remaining intact. 
This action was first demonstrated by Carlisle and Nicholson 
early in the present century by the decomposition of water. It 
has been found that a molecule contains two constituents, one 
electro-positive and the other electro-negative, and that when 
it is subjected to the action of the galvanic current one of them 
will be attracted to the cathode and the other to the anode. 
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Faraiiiiy named the negative electrode the catliode (written Ca.) 
a,iiil tlic positive! the aiiode (ivritlcn An.) oi' tlie descenUiiig and 
iisceniling currents respectively. The subataace decomposed is 
called an ekctrolyte and ite conEtituents arc designated ions, the 
one attracted to tile anode being an anion, the one attracted to 
t|>e cathode a caUiiou. This phenomeaon is due to a chemical 
change occurring at the points of entianue and departure of the 
galvanic current. In some ciises gases are liberated at one or 
other of the electrodes, in others melals or solutions of them. 
When the electrodes of an ordinary galvanic battery consist of 
platinum plates and they are iniinersed in a vessel of water, if 
the battery be of sufficient power bubbles will sooQ appear upon 
both plates, oxygen constituting those upon the anode, hy- 
drogen those upon the cathode. If a saline solution be substi- 
tuted for the water, the alkaline element will be attracted by the 
cathode, the acid by the anode ; in other words they wilt be set 
free at the above-named poles. A substance must exist in solu- 
tion in order to be susceptible to decomposition by electrolysis, 
so that the molecnles may be readily separated. Assuming the 
platinum electrodes to be immersed in a solution of copper sul- 
phate, we would find that the plate through which the current 
enters the fluid remains unchanged while the plate through 
which the current departs ie coated with a deposit of copper. 
The copper in the solution would be found upon examination lo 
be diminished by a quantity precisely equal.to the amount found 
upon the electrode. This is simply an illustration of a very 
general law that in similar cases the plate through which the 
galvanic current deimrls, and that plate only, is the recipient of 
deposit, and the amount of dcpo&it tain direct proportion to the 
strength of current of electricity. 

It is a fact worthy of mention, though perhaps of no peculiar 
importance to the therapeutist, that not only a separation of the 
molecular constituents takes place but also a movement of each 
to its projwr pole. Davy demonstrated this years ago by menns 
of a solution of sodium sulphate contained in two vessels and 
connected by a bundle of asbestos previously well moistened in 
the solution. Into one vessel was immersed the positive and 
into the other the negative pole of a galvanic battery. After a 
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time he found that one vessel contained the sulphuric acid and 
the other the sodium. Tlie same phenomena will occur if the 
two vessels contain any number of different saline solutions, all 
of the metallic bases occupying the vessel in which the negative 
pole is immersed, and all the acid radicals the other. This will 
take place through any number of similarly connected vessels, 
limited only by the accumulated resistance, if all the resulting 
compounds of molecules are soluble ; but if, in any one of the 
vessels, molecules combine to form an insoluble compound, it 
will simply be precipitated and thus cease to form part of the 
solution. 

It should be observed that in electrolytic as in all other elec- 
trical phenomena, like attacks unlike, the electro-negatives going 
to the anode and the electro-positives to the cathode. 

Electrolysis also occurs in the human body, i. e., animal tis- 
sues. The galvanic current possesses decidedly the greatest 
amount of electrolytic power, so much so indeed that the 
faradic and static currents may in this connection be over- 
looked. This is explained by the fact that the induced current 
is 80 momentary in duration. 

Cataphoresis. 

This is a purely mechanical effect of the galvanic current, and 
is simply electrical osmosis. It is necessary that the student 
should have at least an outline of its action, for experiments 
tend to show that medication may, to some extent, be facili- 
tated by its use. The direction of the osmotic action is with the 
current, but solid particles suspended in the solution have been 
observed to take an opposite course. It is of evident importance 
to hold this peculiar phenomenon of electricity in mind as further 
developments are being sought. 

Effect Upon Nerve. 

Any worker in th€ physiological laboratory can without diffi- 
culty study and verify the unvarying effects of the agent under 
disefussJon upoa the nervous syst^nj. 
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Au eluctrodc, tlirough which a galvanic or fkradii 
■lowing, applied to n nonnul motor ticrve will result 
IractioQ of the muscles suppUeil by that nerve, provided the 
current be eufflcienlly strong and interrnptions m: 

This effect of the galvanic curreut occurs practically only at 
the momenUi of closure and opening of the circuit. A gradual 
increase or decrease of the current strength will cause no mus- 
cular contraction, but a sufficient increase of current made sud- 
denly or a similar decrease of the same will produce this result. 
Therefore a galvanic current applied to a motor nerve will pro- 
duce no muscular con traction a if constant or very gi-artually in- 
creased or diminished even, if it be increased to great strength. 
The galvnme current ia effective in causing wiwtcwtar coji I /■actions 
<mly at C/ie moment of opening and dosiw} the c%rr.uil. 

The faradic current also causes contractions of the muscles 
supplied by the nerve stimulated, the contractions being stronger 
following the opening than the closing current ; but if the cur- 
rents succeed each other with the rapidity of ordinary batteries 
employing the rapid interrupter, no distinction is possible, and 
the muscles assume a continuous tetanoid contracture. Much 
labor has been devoled to the subject " of muscular contractions ',1 
causQd by electricity," and very aircurate and definite result* 
have been achieved. The same may be said as to its action 
upon nerves. In oi-der to test the eflect of thus " stimulating" 
motor nerves, one electrode should be placed upon the iaolated 
nerve, the other upon an indiffere-it point, e. g., the sternum or 
spine. A suiticiontly strong galvanic current will, as we have 
seen, cause contractions of the muscles controlled by the nerve 
{^ both he in a normal eondilion. The important point, however, 
to i-ememljer ia that under these cii'cunistances both poles do 
not possess equally the i>ower of producing this effect : the cath- 
ode is stronger than the emodf-; thai is to say, the weakest current 
capable of inducing the slightest contraction with the cathode 
in place will cause no contraction whatever with the anode in 
place. This above-mentioned contraction occurs upon closing 
thecircait. The reaultiswritten thus : Ca. CI. C, i. c, cnLliodio 
closing contraction. If the poles he now reversed, makin^r tha 
anode active, the current being increased to a certain point, 
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a contraction will occur upon opening the circuit : Ca. CI. C. being 
also obtained, and stronger than before. The second contrac- 
tion is called anodic opening contraction, and is written An. O. C. 
(This contraction occurring in this sequence refers only to gal- 
vanic stimulation as applied to the isolated nerve direct; when 
applied to the muscle tissue as ordinarily practised, anodic 
closing contraction (An. CI. C.) follows Ca. CI. C.) The current- 
strength being still further increased to a certain point, mus- 
cular contraction will follow closure of the circuit with the 
anode in contact with the nerve, both of the previous contrac- 
tions also occurring more vigorously than before and the more 
markedly in their order of occurrence ; finally, a contraction will 
occur if the circuit be opened with the cathode in nervous con- 
tact, but the current required to produce it is unbearable. The 
peripheral portions of nerves are less irritable than their cen- 
tres. The above reactions assume the nerve laid bare and the 
electrode applied immediately thereto. This gives, for a nor- 
mal galvanic nerve reaction, formula — 

Ca. CI. C.>An. O. C.> An. CI. C.>Ca. O. C. 

When the electrode of a galvanic battery is applied to mus- 
cular tissue, contractions also occur ; but the normal sequence 
or formula differs somewhat from the normal nerve reaction, 
and will be found as follows : — 

With the weakest current, contractions will occur with the 
cathode in position upon closure of the circuit (Ca. CI. C.) ; upon 
increasing the current, the next contractions will ensue upon 
closing the circuit with the anode in position (An. CI. C.) : this 
will be followed by contractions upon opening the circuit with 
the same pole in place (An. O. C.) ; but, like the final contraction 
(Ca. O. C), this requires a very strong current— too strong for en- 
durance. This gives, for a normal muscle reaction, formula — 

Ca. CI. C.> An. CI. C.> An. O. C. >Ca. O. C. 

With a very strong current, the ensuing contractions, instead 

of being short, sharp, and quick in character, as they always 

are in health to moderate stimulation, become long in duration, 

slow, and tetanoid. After the electrodes have been applied for 

a coDsiderahle length of time, the current flowing, it has been 
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observed that the nerve irritability hug decidedly iQCreaaed, and 
that coatractiona more readily take place. Experiinenls upon 
the healthy human being are nrvturally surrounded by many 
and often iosurmountable obstaelea ; therefore, it t'lia be readily 
understood how much more certnin and accurate are the ohser- 
vntions of the phyaiologiat. To observe the uonual muscle re- 
actions of a. subject, the anode sliould at first be placed upon an 
indifferent point, as the sternum or spine, and the cathode upon 
the epidermis where the entmace into the muscle of the motor 
nerve is most superficial ; the current is now gradually turned 
on by means of the controller and interruptions ocL-asioually 
made with tlie button upon the interrupting electrode handle : 
when the requisite current-strength has been obtained, contrau- 
tlona will occur at each closure of the circuit (Ca, CI. C). Now let 
the current be reversed by means of the commutator— the fonner 
cathode thereby becoming the anode — and interruptions will 
produce no contractions ; but, upon increasing the current to 
a certain point, contractions will follow each closure of the circuit 
(An. CI. C), the first contraction (cathodie) also occurring', and 
stronger than when first observed. With a still further increase 
of current, contractions will appear when the circuit is opened 
with the anode in place (An. O. C); and with a very strong 
current — indeed unendurable— cathodie opening contraction 
(Ca,U. C.) maybe noted. To obtain the anodic opening contrac- 
tion the current should be permitted to Sow uninterruptedly 
through the tissues for a brief period of time and then the in- 
terruption made, the continued action of the current having been 
oliserved to facilitate the occurrence of this contraction.' 

In all examinations It should be an invtirinble rule to make 
use of the iniiliampere meter and carefully register for Future 
reference the amount of current required to produce the various 
contractions. In this way as much scientific accuracy may be 
attained as our present knowledge permits; without it all re- 
sults must be iuaccurate and unreliable. It is superlluous to 
state that in order to transmit a current through the human 
body Irnth poles roast be bi-ou<>lit in contact tberewitb, Theiwie 
in proximity to the nerve which supplies the muscles under ex- 
amination is called the ocfiw )ioh; the other, placed at a distnROQLfl 
> Bea iMt paragrnph ol Vtntatx,- 
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— i. e., the sternum or spine — called the indifferent pole : this 
constitutes the polar method of examination. A long-existing 
controversy as to whether muscle tissue in itself is susceptible 
to the influence of electricity, or whether it contracts solely in 
response to irritation of the nerve-filaments supplying it, seems 
to be satisfactorily settled, independent muscular irritability 
having been thoroughly demonstrated. This is a fact of con- 
siderable diagnostic and prognostic importance. It has been 
observed that the faradic current has less influence upon mus- 
cular tissue than upon the motor nerve supplying it, due per- 
haps to the short duration of each faradic current. The gal- 
vanic contraction of muscular tissue takes place chiefly upon 
closure of the circuit ; in exceptional cases opening contractions 
occur, but generally only from an increase of current, and after 
a continued interval of closure during which the current is flow- 
ing and rendering the tissues more irritable. The muscles re- 
tain a certain amount of contraction for an interval of time 
following both closure and opening of the circuit if the current 
be sufficiently strong ; this is called closure and opening dura- 
tion contraction, indicated by D. To the rapidly interrupted 
faradic current the muscles react with a steady tetanic contrac- 
tion, depending for strength upon the amount of current and 
the proximity of the active electrode to the motor nerve, i. 6., 
the entrance-point of the nerve into the muscle. 

Normal muscular tissue should react with a prompt, quick, 
lightning-like contraction to the moderate stimulation of the 
galvanic current upon closure of the circuit. 

Electrotonus. 

When a galvanic current is passed through a motor nerve it 
exerts an influence throuffhout its entire extent, but most de- 
cidedly in the region of contact of the electrodes : in the neigh- 
borhood of the anode this influence is decreased ; at the cathode 
the reverse takes place and the irritability is increased : the 
former is called anelectrotonus^ the latter catelectrotonus. 

Satisfactory results have by no means been attained by inves- 
tigation of this subject as applied to living human beings ; never- 
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thelees, it may be Rssumed that the phenomenon of electrotonua 
has been, iii the humna being, definitely established, l^is 
pheDometion is most iuteuse throughout a straight line from 
pole to pole. 

Effect of the Galvanic Current upon Sensory 
Nerves. 

The application to a healthy subject of a certain strength of 
tlie galvanic cnrrent produces a peculiar, characteristic sensa- 
tion, as of innumerable pin-pricks, which is soon followed by a 
steady, htirning pain ; this is thought to be largely due to the 
electrolytic action of the current. This effect of the current is 
apparent both at the point of applicalioQ and throughout the 
distribution of the nerve. The sensory impression, In its 
strength and action, follows a rule very analogous to the 
motor effect— i. e., it is felt most decidedly at the moment of 
closing and opening the circuit, the cathodic closure being the 
strongest. 

Faradiani produces at each opening and closing of the circuit 
a burning, pricking sensation, whicli is also distributed to the 
periplieral extremity of the nerve within touch of the electrode; 
if a dry electrode be applied, as the faradic brush, very severe 
and painful sensations of burning will result. Experimentation 
upon isolated sensory nerves has been unsatisfactory in exact- 
ness of detail ; but it seems to be agreed that every distinct 
muscular contraction carries with it at the same time a peculiar 
sensory impression altogether separate from that of the integu- 

Ezperimenta opon tlie Nerve* of Speoisl Sense in the healthy 
human subject have proved quite saliifactory, the faradic cur- 
rent possessing little or no influence; the galvanic very con- 
siderable. Application of the electrode to the eye causes a 
sensation of Bashing light upon making and breaking the cur- 
rent, the color of the light varying in a- manner somewhat 
analf^^ons Ut the rule of muscular contractions—*. «., Ca, CI. 
being the strongest ; moreover, the pupil may be made to con> 
tract and diUle in response to the current. 



* 
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By stimulating the auditory nerve characteristic results may be 
obtained of sound, varying in intensity. The sense of taste can 
likewise be elicited by galvanism, and is present continuously 
during the flow of the current and not only upon making and 
breaking the circuit. The sense of smell has only been slightly 
brought into play by means of electricity. The secretions and 
vaso-motor nerves are both affected by electricity. The sym- 
pathetic system, obscure in itself, is also responsive to the 
action of electricity. It is believed that faradization of the 
cervical sympathetic results in dilatation preceded bj* contrac- 
tion of the vessels upon the same side of the face, together with 
other physiological actions, such as increased rapidity of the 
heart's action, dilatation of the pupil, etc. ; while galvanism 
produces much less marked phenomena. Application of elec- 
tricity to the skin causes redness— hyperemia produced by 
dilatation of the capillaries ; this effect is much more marked 
following the use of the faradic brush than from moistened 
electrodes. The galvanic current creates distinct redness and 
even a papillary eruption of the skin, followed by desquama- 
tion ; while stronger currents produce still more decided re- 
sults. Faradization of the brain is ineffective, but galvaniza- 
tion is followed by positive results. Vertigo is very generally 
observed as one of the earliest effects of galvanism of the brain, 
and with sufficient current may extend even to staggering and 
falling, the effect being greater with a transverse current than 
an antero-posterior one ; but this is much more important as a 
subjective than as an objective symptom. Vertigo is oflen con- 
tinuous with the flow of the current. Nystagmus may also occur, 
accompanied by a certain amount of confusion of thought. The 
spinal cord should be reached by means of large electrodes. Ex- 
perimentation upon the lungs has not resulted satisfactorily. 
Galvanism may produce contraction of the gall-bladder if ap- 
plied externally over that region. Many of the functional ac- 
tions of the muscles of the pharynx, larynx, and oesophagus 
may be brought about by electricity, as also those of the stomach 
and intestines. Contraction of the bladder promptly results from 
properly applied stimulation of the neck and walls of that organ. 

The cataphoric effect of electricity may prove of considerable 
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service, and has been utilized to promote tlie passage of salts 
ttirougli parts of tlie human body. 

The actioD of eleclricity iu (liaeaBe is oiiscure and not yet 
susceptible of e lucid atioQ ; it is, however, probable that dianges 
of different nature take place in the tissues of the body, Ihei'e- 
by aitoriug its uulrition. 

Electrical Examination of Nerves and Huscles, 

To examine nerves and the muscles they supply the current 
should bo applied aa directly and in as circumscribed a space a« 
possible ; the milliampere meter should invariably be used and 
the current carefully measured, the olijeet being to bring the 
current into localized action upon the nerve-truuk with as little 
dispcreion into surrounding tissue as practicable. To accomplish 
this, a small electrode should be selected for the active one, 
greater tleusity being thus secured, but this is of course not 
without limit, for, if tbe electrode is very small, the resistauce 
becomes too great to permit a. proper flow of current, A con- 
venient size for diagnostic esaminations will be found be- 
tween tbe diameters of one-half and one inch. The indifferent 
electrode, upon the other hand, should be quite large, the only 
limit being uonvenience of application ; by this means the cur- 
rent is prautically only effective at the point of application of 
tile active or denser electrode. The large electrode should he 
placed upon an indifferent point, i. e,, tlie spine or sternum, the 
latter being commonly prefemble because of the comiiarative 
absence of nerves aud muscles which might otherwise more 
or less interfere with the examination, and also because tbe 
patient may, with fiicility, assist the operator by holding tbe 
electi-ode in position. 

The normal parts should, invariably, be examined first, and 
comparison made with the diseased parts. The examination 
should always he conducted in precisely the same manner, and 
it is otlcn desirable to use tlie same battery and appliances if 
results ai-e for comparison. 
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Quantitative Examination of Nerves and 

Muscles. 

The method in use with the faradic current is simply to note 
the amount of primary coil necessary to cover with the sec- 
ondary in order to produce the slightest contraction of the 
muscles under observation, or, in another form of battery, the 
length of cylinder withdrawn in order to cause the same result 
with the proper electrodes in position. Symmetrical portions 
of the body should be compared, the current being the same. If 
the disease be unilateral, but when parts located in different 
portions of the body must be compared, great uncertainty enters 
into the result ; the uncertainty is considerably enhanced where 
comparison is made with another and a healthy body, as the 
resistance of individuals varies greatly. In order to still further 
eliminate the elements of uncertainty from electrical examina- 
tions, Erb entered into an extensive line of investigations, from 
which he has established the fact that a constant relation exists 
between resistance offered by the four principal portions of the 
body, and he avers that any very appreciable variation from his 
standard may be looked upon as pathological ; consequently, 
changes may be noted in a patient from an individual examination 
without further comparison. To illustrate this, the same learned 
writer selects certain nerves, and with a medium-sized electrode 
notes the amount of cylinder withdrawn, or the amount of coil 
covered, necessary to cause the mininmm muscular contraction 
with a faradic current. The faradic current should always be 
used first because it promotes no change in resistance. 

With the same electrode now attached to the galvanic battery 
and well moistened, the deflection of the milliampere meter needle 
is next noted ; a definite strength of current being used and not 
interrupted, i.e., "stabile." Application is of course made 
to the same localities previously examined with the faradic 
battery, the cathode being used as the active pole. The points 
selected should be corresponding nerves on both sides of the 
body. The current noted should be the weakest capable of pro- 
ducing muscular contractions. One set of notes shows the 
relative faradic irritability of the different pairs of nerves ; the 
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Other the relative resistance to tlie flow of tlie galvanic current. 
The same observer claims that these bear a conaUint relation in 
healthy individuals under similar circuaistaneea of age, society, 
sex, and physique. Tlie nerves selected by Erb for comparison 
were the frontal, spinal accessory, ulnar, and peroneal. In a 
table prepared from a number of these esperinieuts he shows 
that the results are practically the same for botli sides of the 
body, and that the four pairs of nerves are almost equally 
irritable to the same minimum current. Arecoi'd of the current 
strength, as indicated by the meter or rheostat, is only reliable 
in refereoce to. both sides of the same subject. For comparison 
with different subjects, it is entirely unreliable, owing to the 
difference of resistance to conduction in different persons. 

In order to obtain accurate results, the current should be of 
the same density ; that is, the electrodes should be of the same 
size, and the current of tlie same strength. Tlie pressure and 
manner of application generally should be as nearly similar as 
attainable. If all tlicse qualifications are fulfilled, and the cur- 
rent necessary to induce minimum contractions deflects the 
needle to a greater extent, irritability may be considered as 
impaired 5 it to a less extent, irritability is increased. Anoma^ 
loua distribution of nerves contributes one important source of 
error to this form of examination. 

Toltaio AltBrnative.— The effect of the galvanic current will 
be found to be greater with either pole if the opposite pole has 
been permitted to remain iu position for some time immediately 
preceding ; and the longer it has been iu position the greater will 
be the observed effect if the poles be reversed. Also, the effect 
will be found mucli greater if the poles he reversed quickly than 
if reversed slowly. Beversal of the i>oles is termed " the vol- 
taic alternative." 

By Qualitative Electrical ReactioDB 

of muscles is meant whether or not the contractions occur in 
normal sequence, possess the eniue characteristic manner of 
contraction, the same duration, and the proper strength. To 
determine this, the method above described is employed, and 
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Erb very justly insists that, in order to work intelligently, the 
practitioner should be familiar with the peculiarities presented 
by the contractions governed by the more important nerves, at 
least. This, of course, can only be obtained by experience. 
The manner of contraction is sometimes referred to as " modal." 

Muscle and Nerve Degeneration. 

Qualitative changes occur in both nerve and muscle, though 
they react difierently to the galvanic and faradic currents. An 
increase of irritability to both currents is evinced by a more 
easily induced contraction of the muscles. Diminished irrita- 
bility of both nerve and muscle is characterized by the neces- 
sity of employing stronger currents, both faradic and galvanic, 
to produce the requisite contractions. 

Increase of electrical irritability is looked upon as a condi- 
tion involving no particular importance. Decrease of electri- 
cal irritability, on the other hand, is highly serious and involves 
grave issues. It may be slight, or it may extend to entire " ex- 
tinction of faradic excitability." Bare muscular tissue will pre- 
serve its excitability for a considerable period of time after all effect 
of stimulation through the epidermis has disappeared. This 
can be frequently demonstrated by puncturing the skin with the 
active electrode, and by thus bringing it in direct contact with 
muscle tissue. In certain diseases the muscular contractures to 
galvanic stimulation disappear in regular order : Ca. O. C. 
vanishing first, followed by An. O. C, and that by An. CI. C. and 
Ca. CI. C, respectively. The contractions, which in health are 
always quick, sharp, and lightning-like, assume a slow tetanoid 
character, which is extremely significant. 

In other diseases the sequence of the contractions is changed, 
An. CI. C. occurring before Ca. CI. C, and also slow and tetanoid 
in character. This is a point of vital importance in electro-diag- 
nosis, constituting, as it does, the essence of "t/ie reaction of 
degeneration.'^'^ 

In the peripheral portion of nerves a decrease of electrical 
irritability is generally present only when degeneration is in 
progress. It constitutes a symptom which, if carefully ascer- 
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liiiiied and clearly estnblished, may be safely relied upon ae i 
forerunner of uomplete faradio and galvanLc extinction. Thai 
muscles, however, act diflerently. Entire loss of faradic irrita- 
bility may be present ; but the galvauic current induces an irri- 
tation which undergoes an entire series of changes, both quali- 
tative and quantitative, Frequently, total extinction of reaction 
is the SnnI condition. In some muscular conditions irritability 
is merely diminished, and no graver electrical symptoms super- 
vene. These facts occasionally assume proportions of extreme 
prominence and importance. Erb reports a case in which he 
was enabled to estiiblish the honesty of an invalid who was eus- 
pecfed of malingering, and to protect him from grave injustice, 
the nature of the case being so oljscare that quantitative elec- 
trical symptoms alone could be relied upon, all others being in 

The diagnosis of the central spinal lesions may be particularly 
aided by means of electricity. 

Reaction of Degeneration.— This term, now in such universal 
use, was first utilized by Eib, and was intended to mean the 
series of changes occurring in electrical irritability, both quali- 
tative and quantitative, owing lo degeneration or disease of 
healthy nerve and muscle. The efl'ect of the faradic current 
diminishes and disappears. The effect of the galvanic current 
undergoes various decided changes, but preserves its power of 
irritating muscular tissue. In some stages this occurs even to 
an increased degree. The qualitative changes of the gal- 
vanic current in disease of the nerve are invariable and most 
important. 

A lesion of a motor nerve, either at the spinal centre or in 
the course of its peripheral distribution, of sufficient importance 
to cause para lysis, will commonly he promptly followed hy marked 
electrieal changes, both laradic and galvanic. The nerve will 
evince a progressive decrease of electrical excitability, while at 
the end of a week it will have ceased entirely. In rare cases the 
period of decline may extend over two weeks. The point of 
departure is always at the extremity nearest the injury or 
lesion, degeneration proceeding thence toward the periphery. 
When the lesion results in incurable disease the nerves remain ^ 
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forever inert. In trifling cases recovery takes place early. In 
many recovery only ensues after a more or less prolonged 
interval. 

When reparative action has commenced, and the nerve ad- 
vanced sufficiently toward health, electrical excitability returns, 
both faradic and galvanic, recovery being first noticed at the 
point of beginning degeneration, and slowly extending toward 
the periphery. Recuperation proceeds slowly and gradually, 
months frequently elapsing in the process. Both the galvanic 
and faradic currents recover effectiveness pari passu. 

Frequently, muscles may respond to voluntary effort, while 
electricity continues without effect, tending to show that, while 
the nerve is in condition to transmit one kind of impression 
(voluntary), it by no means follows that all are transmittable. 

In degeneration muscles do not show electrical reactions 
similar to nerves. This, however, is not true in relation to the 
faradic current, for here the reactions are identical both in 
quantity and quality. It is in the use of the galvanic current 
that the chief diff*erence between nerve and muscle reaction of 
degeneration is apparent. To the faradic current both muscle 
and nerve become gradually less sensible as degeneration pro- 
gresses, ending in complete insensibility, as stated above. The 
faradic current has no effect on muscle tissue except through 
the nerve supplying it. Thus if the nerve be paralyzed by 
curare, the muscle remains inert to this current. To the 
galvanic current, however, muscular tissue for the first few days 
contracts, with a somewhat diminished activity. It does not re- 
spond so readily to a certain strength of current as it would 
were the condition normal. After this, and for several days suc- 
ceeding, the irritability of the muscle increases, sometimes 
to a great extent. This may last for several weeeks— three or 
four ; and some time during this condition a change in the nor- 
mal sequence of contractions occurs ; the contractions change 
also in character as well as in quality. They assume a slow 
tetanoid form in place of the sharp, quick, lightning-like, nor- 
mal reaction. The tetanic condition continues during the flow 
of the current, the strength of current required being notably 
small. This slow tetanoid contracture, accompanying a weak 
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current, is considered by Erb tliot'oughly chitracteriatic of d&^I 
generntion. Tlie altiiration in tli<; sequence of coutractioiiH u 
also remarkable and uf equal iiuportauce. Soon in llie stage of 
degeneration the An. CI. 0. beeomes equal to tlie Ca. CL C. ; 
little later it exceeds it. Tttis is accompanied by changes in tl 
condition of the suuceeding-coiiti'nutions Ca. O. C, gainiug upnn 
An. O. C, but nteer equaiimj it ; so that we liave, fur the nornia>,j 
musuuiar reaction to galvanism, thcfarmula— 

Ca. 01. C. > An. CI. C. > Au. 0. C. > Ca. 0.0. 
For the reaction of dugeneration formula we have— 
An. CI. 0. = Ca. 01. C. or An. CI. C.>Ca. CI. C. > An. O. C, 
diminislied, but always^Ca. O. C. 

This slate remains for several weeks, after tlie lapse of which | 
a change takes place in the irritability of the muscles, but not 
in the quality of the contractions. The sequence remains the 
same ; but the contractions gradually require stronger currents, 
until at last, iu grave cases, the An. CI. 0. takes the place of 
Ca. 01, C. entirely, the latter haviug totally diaappeared. The 
contraction reniaiuing at tins stage is extremely weak. It 
may require months to reach this point of degeneration; in 
fact, several years of gradually decreasing electrical irritability 
is by no means rare. In cases less gi'ave in eharacter, and 
where a cure resuils, ihe course is one of an entirely opposite 
nature ; the muscles, with various degrees of proinptitude, re- 
gain the normal character and quality of irritabiUty. The 
difference observed l>etwcen the action of tlic galvanic and 
faradic currents way all he due to the instantaneous duration of 
the latter. The galvanic current itself, if sulijectcd to equally 
rapid interruptions, seejus to lose much of ils distinguishing 
churacteriatios. 

Electrical currents seem, beyond reasonable doubt, to boar a 
peculiar and reliable relation to tlie functions of muscle and 
nerve-tissue both in health and disease. "While they remain 
healthy, normal electrical reactions are certain. When degene- 
ration bogins, coincident cimuge in the reactions may be 
fideutly looked for. 
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If a lesion occurs in the continuity of a nerve, whereby the 
periphery is cut off from the central communication, Wallerian 
degeneration soon takes place. The nerve undergoes degenera- 
tion from the lesion towards its peripheral distribution (motor 
nerve), the sheath of the nerve suffering first a granular breaking- 
down and a nuclear proliferation, which is followed by a denud- 
ing and consequent degeneration of the axis cylinder. The pro- 
cess runs a rapid course, only a few days being required (three 
or four). The effect of this upon the muscles supplied is, of 
course, disastrous, their elements undergoing fatty and granular 
degeneration with increase of connective tissue. 

If the lesion be traumatic and capable of reparative action, 
the nerve in due time recovers its normal condition, the restora- 
tion being followed by a like change in the muscles. In case of 
permanent nervous destruction, the muscular tissues gradually 
waste away until finally nothing remains save a mass of con- 
nective tissue. Even in favorable cases recuperation of the 
muscles is a slow and tedious process. 

Destruction of the nerve and reaction of degeneration occur 
simultaneously, the latter depending upon the former. During 
the first week no degeneration has been found in the muscle 
fibres themselves, but it is rarely delayed beyond that period. 
Some confusion may arise in cases where reactions of degenera- 
tion have existed in both nerve and muscles. Subsequent 
examination shows the nerve to respond normally, while the 
muscles still evince degeneration. This admits, nevertheless, 
readily of explanation— i. e., the nerve has undergone reparative 
process, and has regained its normal standard of health, but 
the muscles have not as yet been regenerated. Pathological 
changes and reactions of degeneration begin together and ad- 
vance at the same rate. 

Partial reactions of degeneration occur. They are character- 
ized by more or less diminution of irritability to galvanic and 
faradic currents. It has been noted, more especially in connec- 
tion with the maximum contraction, that a very strong current 
produces a decidedly weakened response, the muscles preserv- 
ing unchanged the normal sequence. These cases may generally 
be given a comparatively favorable prognosis. 
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Between normal reactioo and total disappearance of electrical 
eKcitabiiity all grades and eonditiona will tje found. Even the 
same muscle may, in certain couditioos, show diffei-ent electncal 
reactions ia different pnrta (progressive musculaj: atrophy). 

De R (reaction of degeneration) wiU be found typically io 
cases where the peripheral terminations of motor oerve-fibreB 
have for any reaflon ceased to connect with the centie in the 
anterior cornu of the spinal cord, whether this be caused by 
destruction of the centre itself, or by the existence of a lesion in 
the continuity of the nerve, such as pressure, injury, inflamma- 
tion, etc. 

Conclusions as to the existence of reaction of degeneration 
will often be difficult to arrive at, and many apparent contra- 
dictory results will confuse and discourage the tyro. As in 
other branches of the medical sciences, typical cases are more 
rarely met with than perhaps generally supposed. Experience, 
careful work, and, above all, acute aceurate observation, will, in 
the end, achieve for the conscientious worker results which will, 
in the field of diagnosis, notably reward him. Often the changes 
are so slight that the experienced observer alone la capable of ' 
estimating tbeir siguiScauce. I 

When degeneration has advanced a considerable extent, it iS f 
often necessary to employ a current of great strength in order to 
obtain any contractious at all. This is accomplished, of course, 
by recourse to the means already stated, i. e., by rendering 
the skin as conductive as possible, employing large indifferent 
electrodes, and, in order to isolate muscles, bringing the two elec- 
trodes close together that both may he within the muscles area. 
Erb remarks a manner of distinguishing oontrnctions of adjacent 
healtliy muscles due to diffusion of the current, wliich the writers 
have frequently verified. It will be found that sound neighboring 
muscles will respond to the closure of the circuit by a sharp, quick 
contraction, and immediately thereafter a slow, feeble cbaructer- 
istic degenerate contraction will occur in the muscles under- 
going pathological clianges. During tbe Inst stage of degenera- 
tion slight contractions may be obtained after repeated failure 
in previous examinations ; hence, no patient sbould be dismissed . 
without several scpai-nlo exnminalionit, if the circumstances (d M 
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the case adniit of doubt. The slow, feeble contraction of certain 
diseased muscles, following the quick normal contractions of 
contiguous muscles from circuit closure, is well and typically 
illustrated in some cases of lead wrist-drop. Erb speaks of this, 
and the writers have under treatment now, in the neurological 
department of Jefferson Medical College Hospital, a man who 
has been for many months suffering from this disease. Bather 
strong galvanic stimulation of the extensor muscles of the 
forearm produces well-defined normal contractions of the flex- 
ors, followed by an extremely feeble slow reaction of the exten- 
sors. In the first stage of degeneration, it may often be ob- 
served that Ca. CI. C. is very strong and quick, but an ensuing 
An. CI. C. is tetanoid, tardy, and characteristic of degeneration. 

Sensory. 

It is scarcely surprising that our knowledge of the action of 
electrical currents upon the sensory nervous system is imperfect, 
the physiology and pathology relating thereto being still so ex- 
ceedingly obscure and unsatisfactory. Electricity, although of 
incalculable value in the scientific management of diseases in- 
volving the motor system, must as yet be considered unavailable 
in our efforts to throw light upon the irritability, location, con- 
ductivity, and other functions of the sensory nervous system. 
That all this may eventually be realized should not be doubted. 

The cutaneous filaments of the sensory nerve-fibres convey 
the impressions created by the electrical currents, and we re- 
cognize an increase and impairment of this function, correspond- 
ing to a certain extent with the definite reactions of the motor 
system. 

This constitutes electrical ancestJiesia and hypercesthesia of 
the epidermis. In some cases these symptoms are important. 
The diagnosis of diseases involving the sensory tracts of the cord 
is materially aided thereb}-. It has been remarked that in 
posterior sclerosis of the spinal cord, if tactile sensation remains 
normal and analgesia exists, then the minimum sensation to 
pain requires a great increase of the faradic current. Much 
contradictory evidence, however, is adduced. 



SPECIAL SBNBB. 

Special Sense. 

Auditory.— The results of research in this direction have been 
interesting, ttnd eoiuewhat satiaiactury and deSnite botti as to 
diagnosis and treatment. 

Lisen»0>Uit!/ of the auditory nerve means a sluggish reaction to 
galvanism ; ordinary Ca. CI. producing no effect, and an extra- 
ordinary strength of current merely meeting witli feeble, if any, 
response. Diagnosis of this condition is somewhat difHcult and 
uncertain, inasmuch aa even in liealtb it is not always possible 
to obtain reoetiona of tbis nerve. 

IfKreas&l sensitiility of tbe auditory nerve means that it re- 
sponds to the stimulation of galvanism with greater promptness 
and celerity than in health. The qualitative or normal sequence 
is preserved, an infinitesimal current being frequently suffi- 
cient to produce the entire range of auditory reactions. Ca. CI. 
reaction is followed by An. CI, reaction with currents of almost 
equal strength, and so exceedingly weak that the milliamjiere 
meter can, with difiicnlty, be detected as registering any curi-ent 
at all. The sensation of sound is much exaggerated, and con- 
tinues longer than in health. 

Auditory aensihility in a heightened condition is far from un- 
common, and frequently exists with little or no disorder of the 
hearing function. On the other hand, it accomiianies many of 
the minor as well as some of tbe most serious lesions of tbe ear 
and adjacent structures. It also exists in connection with vari- 
ous central diseases, as cerebro-spinal meningitis, locomotor 
ataxia, etc. It has been claimed that many cases of tinnitus 
anrium originate in the nerve itself, and that such may be 
promptly relieved by application of the galvanic current An, 
Ci. and An. D. Ca. CI, and Cii. D. have been found to aggravate 
the complaint. Tinnitus, due to lesions external to the nerve, is 
nnafiected by electricity in any form. This fact is not without 
importance in a diagnostic point of view. The auditory re- 
actions now being discussed, it is needless to repeat, are entirely 
tliDsc of the special sense of sound, and are obtained by placing one 
'^ medium" electrode properly moistened upon the tragus, press- 
ing it gently inward, but not sufflcieutly to obstract the externalf 
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au.ditory meatus ; the other, or indifferent, electrode may be 
placed upon the sternum or spine. It should be larger, and also 
-well moistened. The current then should be gradually increased, 
and the sensations of the patient following occasional closure and 
opening of the circuit carefully noted, both qualitatively and 
quantitatively. The latter refers to the intensity of the sound, 
the former to its character. As in all other electrical applica- 
tions irritability will increase with the duration of the treatment. 
Exhaustive experimentation has been made in connection with 
this subject, and the peculiarities of the sounds caused by 
electrical stimulations carefully analyzed. It has been well 
established that both qualitatively and quantitatively the re- 
actions preserve a certain constant relation in health and disease. 
A more extended discussion of these reactions, however, would 
exceed the scope of this work.^ 

Optic Nerve. 

Researches in this direction have thus far proved without 
adequate reward, and but little definite information has been 
recorded. A few facts, however, should be noted. The active 
electrode of a galvanic battery when applied to the vicinity of 
the orbit, and the circuit made and broken— the indifferent 
electrode being in position upon the sternum or spine (nape of 
the neck) — produces in the healthy subject remarkable sensations 
characterized by luminous spectra varying with the current 
employed. 

In diseases of the optic nerve changes have been shown to 
exist in the electrical reactions ; but either sufficient data have 
not been secured, or the results of experimentation have proved 
contradictory. Thus, no classification of the optic nerve reac- 
tions of degeneration has as yet been well established. 

In some diseases of this nerve its irritability to galvanic 
stimulations is impaired, and not infrequently entirely destroyed. 
In optic neuritis, followed by atrophy, the sensation of light, as 
caused by interruption of a galvanic application, is lost to a 

^ See Erb and De Watteville on Electricity. 
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greater or leaa degree, depending upon the amoiitit of involve- | 
nieiit of the nerve. Amaurosis in its last stage, from wliiiLever 
cause, traumatic or tumor, entails entire loss of galvauic reao- 

Taste, 

The sen^e of taste may be stimulated by placing an electrode 
upon caoli cheek of the patient, and interrupliug the current aa 
it flows trausversely through the mouth. In disease of the nerve 
governiDg taste, its electrical irritability imdergoes changes, 
but no definite results have thus far been formulated. It may 
be still better, in order to observe this reaction, to place the 
active pole upon the tongue and the other on the mastoid 
process. 

Taso -Motor. 

But little advance in the knowledge of the effects of electricity 
upon the vaso-raotor system can be noted since Ilitzig recorded 
Ills oljservations in cases of palsy of the axillary nerve. He 
stated tliat in the resulting area of nuiesthesia the skin assumed 
a palUd hue when subjected to the influence of the galvanic cur- 
rent. The effect of electricity in liealth is to promote congestion 
of the capillaries. A strong labile current is the one em- 
ployed. 

Stabile application of electricity is accomplished by placing 
the electrodes in the desired position and gradually turning ou 
the current. The electrode shoulii not be moved from its place, 
□or sliould the circuit be interrupted. After sufilcieiit time has 
elapsed, the current of desired strength, having flowed con- 
tinuously, is gradually turned off and the electrodes removed 
when it has entirely ceased to flow, and not before. 

Labile Application signilies a galvanic current slowly inter- 
rupted. It is often appHed by placing one electrode at the in- 
difierent point and hyslowly passing the other or active one over 
the parts rec|uh-ing treatment— slraHny ifie part. 

The Direction of the Cnrrent Is probably unimportant, and 
simply refers to the location of the cathode; the current, ■ 
course, proceeding in a direction Co the cathode /rom the anode. I 
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An Ascending Current flows fr(mi the periphery toward the 
nerve-centre. 

A Descending Current flows in the direction from the centre 
toward the periphery. 

As a Curative Agent. 

The value of electricity as a curative agent is a suhject to be 
approached with caution, and, above all, discrimination. That 
electricity ranks high as an aid in the establishment of cor- 
rect diagnosis is indisputable ; that it is capable of achieving 
much good as a therapeutic agent, few fair-minded physicians 
will be inclined to gainsay. Its range of usefulness is practi- 
cally unlimited, and to its intrinsic qualities may be superadded 
the psychical influence it so frequently and pre-eminently pos- 
sesses. The marvellous, almost miraculous, cures recorded by 
so highly-respected and honored authorities as Ziemssen and 
Erb must be, and are, fully credited by a preponderating pro- 
portion of all physicians of every nationality. 

The recent utterances of reliable authorities go far to estab- 
lish the opinion that in the treatment of paralysis the ultimate 
benefit of electricity depends entirely upon its power of causing 
contraction of the muscles involved. Our comprehension of the 
modus operandi of electricity as a therapeutic agent is exceed- 
ingly limited, and must naturally remain so until our knowl- 
edge of pathology and kindred sciences shall have advanced far 
beyond its present limits, and until brighter light has been 
shed upon the obscure causes of functional diseases of the nervous 
system in their various manifestations. So close, indeed, does the 
analogy seem in many ways between nervous functionation and 
electricity, that the hope may, without optimism, be cherished 
that the elucidation of the former will lead to a thorough, com- 
prehensive, and useful application of the latter, and vke versa, 

Gynsecologists are to be congratulated most cordially as hav- 
ing occupied the van in obtaining therapeutic results from elec- 
tricity—results which, at first almost discredited by the profes- 
sion at large, all fair-minded observers must now admit. If 
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this really invaluable agent has been relaiiied in its mission to 
relieve pain and to i-estore the priteless boon of health to many 
miserable women — miserable, alas, only because of its want — 
the censure should not be placed upon the so-called skeptics 
only, To the enlhusiast, who, for want of proper brain bal- 
!, lias persistently exaggerated results (who will doubt it ?), 
and to the charlatan possessed of enough but for bis own selfish 
purposes, should be accorded their full quota of blame, if blame 
ebe. 

In this city Dr. G. Betton Massey, to whom the profession is 
indebted for a most valuable treatise upon tliis subject, appears 
to the writer to have earned appreeiallon and confidence by his 
eamci>t aiid conservative work in this extensive field. 

From what has already been stated regarding the relative 
effects of famdism and galvanism in health aud in disease, it 
follows that the former is of much less value as a therapeutic 
agent than is the latter. Faradism possesses practically no 
uatalyiic or cataplioric power, and, as fer as is known, produces 
but little change of nutrition in the tissues. Its value ia chiefly 
apparent as a counter-irritant, and in the treatment of antes- 
thesia by means of the dry electric brush, etc, As nn exciter of 
muscular contractions it has undoubted value, but is far inferior 
to galvanism, for the important reason that it induces contrac- 
tions only in those fibres of the muscle which arc in healthy ac- 
cord with the motor nerve governing lliem ; whereas galvanism 
will invoke muscular contractions even in cases where the motor 
uerve is entirely cut off from its fon<:tionating centre, and will 
continue so to do until the muscle-libres ihemsplves degenerate 
into fibrous tissue, etc., and thereby lose their distinctive quali- 
ties. Consequently, in paralysis depending upon a lesion of the 
nerve, the rule should be to employ galvanism, even where 
farftdic excitability apparently has not been entirely lost, or, 
having disappeared, has returned, because (hereby we may feel 
assured that all the muscular fibres will respond to the stimu- 
lation, as well those nutrificd by nervc-li laments in a state of 
healthy action as by those which have, and still remain, degene- 
rated. Moreover, the influence exercised by tills cnrrent over the 
nutrition and circulation of the paralyzed part cannot fail to be 
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reverse order must be observed. In such applications to the 
face, with one electrode at the nucha, the same writer suggests 
that the active electrode be first placed upon the hairy scalp 
and very gradually drawn down over the face, thereby producing 
a gradually increasing effect. In treating very nervous sub- 
jects, as well as children, who often have a dread of electricity, 
it is often well first to apply the electrode with no current fiow- 
ing, and thus allow the fear to subside. 

Unnecessary pain must always be avoided, and to this end, as 
well as for other important reasons, the electrodes should be 
frequently well moistened with warm water. 

Labile application, we have already said, consists of keeping 
one electrode upon an indificrent point, while the other is 
slowly stroked about the skin of the diseased part with a mode- 
rate and constant amount of pressure. No decided muscular 
contractions are induced, because the current is not at any 
time entirely broken, but a very stimulating effect on nutrition 
is obtained. This method combines the chemical effect of the 
stabile current on deep parts with the stimulating effect of an 
interrupted current on muscular contractility. The cutaneous 
circulation is also improved by stimulation. 

The interrupted galvanic current, which has for its object 
muscular contraction, may be used in two modes. In one 
the indifferent electrode is held stationary in position, and the 
active (generally the cathode) applied and withdrawn alter- 
nately ; each time it is applied the circuit is made, and each 
time withdrawn the circuit is broken. In this way contractions 
occur. But a much better way is by means of the interrupting 
electrode handle, whereby the circuit may be closed and opened 
with great facility. Strong contractions may also be caused by 
inducing voltaic alternative by means of the commutator, the 
electrodes being held in position. This is the most powerful, and 
often has been found to induce strong contractions in muscles 
the seat of atrophic paralysis, where response had almost en- 
tirely ceased to ordinary interruptions. 

Faradization.— If we desire a local effect upon the skin, it 
should be well dried, and application made by means of the 
dry brush. The indifferent pole should be an ordinary large elec- 
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Irode, well moistened. Tbe brusli should be slowly stroked over J 
Itie part. 

For fiiradizatiou of muscles, etc. , tlie bandies of tbe eleclrodcB ' 
should be held by the operator, or both electrodes ma}' be held 
in one hand, leaving the other fi-ee to regulate the euneiit. This 
jB very necessary, as certain portions of the body are much more 
sensitive than otliers ; thus, all bony prominences are peculiarly 
sensitive. 

Central QalranizatiOB. — One pole, preferably the cathode, 
should be placed at the sacrum ; the anode is then applied to the 
forehead for a length of time varying accoi-diiig to cii-eum- 
atances^but live minutes will generally be found quite long 
enough. The pole should then be drawn to the vertex, and from 
there along the pneumogastric and sympathetic route in the neck, 
thence down the entire length of the spine. The current must 
be carefully regulated, much more care being required about the 
head than along the spine. 

General Faradisation may be accomplished by placing one 1 
electrode at an indifferent point— any part of the trunk, or, using ' 
n large cojipcr plate, at the soles of the feet, and drawing the 
other about the body geuerally. The application may last ten 
to fitleeii miuutes. 

SubauralOalvauizatioiL— This method is said by De Watte- 
vtlle to be purely empirical ; and yet the results obtained in dis- 
eases of the brain and spinal cord are admitted by liiui to be 
vary gratifying. It is used by placing the cathode, a medium 
electrode, under the ear, and a large negative electrode over the 
lower cervical and upper dorsal vcrtebixe. 

GalTana-Far&dizatiDn. — This method was introduced by He- 
Watleville; he unites the secondary coil and galvanic battery 
in one circuit by eonnectiug, by means of wire, the negative 
pole of one to the positive of the other. 

A slowly intermpted faradio conent is obtained by means 
of a raechauical device, described in a previous portion of this 
work. It is useful for the purpose of stimulating muscular con- 
tractions, and in its efittcts must be akin to galvanism. 

By the kind permission of Dr. Rockwell, and of his publishers, 
Messrs. Wm. Wood &. Co., of New York, the writers have the J 
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valuable privilege of inserting the following plates (Figs. 45 to 
56), illustrative of Gatvanizatiou nnd Faradization, as well as 
of the method of Isolated Muscular Stimulatiou (Fig. 50). 

The writers have also partieularly to thank the same gentle- 
men for additional courtesy in supplying them with the new aud 
improved plates, which are about to appear in the fortiicoming 
fresh edition of an exhaustive work upon this subject by Beard 
and Bock well. 




Geneiul FakuhzatioN — ApplicitioD to 




Gehbbxi. Fihadik*tioh.— Appllcntlon M Ibe aptna The bund of the npenlur 
Ii on (hg meulllc lube, in a poBiUontoincreueot dlmjnlib thecunenl, u roar be 
naedeiL (Buud uid BovkwellO 
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Oerehai. FAHAi>iEATtON.-— AppUciitlim (o tlie hud bf tbo hand 

The pttllsnl may be iiroleMrf IVotu mid by a »hiwl or other conTi 
(Beard and RiwkwelL) 
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Fabidizjtiqn or Muscles up Tuieti, Cohtkiction of QnuBicEi^.— |Beud and 
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AB A CDBATIVE AOBHT. 
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Gehbbal GiLVJinzATion.— One pole Rt tbe epIgastHiiin. the other an cnralil 
centre, Ibe hair being moletened. Previoualy, the electrode may be applied, labile, 
to the rarehead. (Beard and Bookwetl.) 



Electro-Diagnosis. 

One source of error in eleetro-<l in gnosis coDSiBls in the varia- 
tion of resistanue .to the electrical current offered by the skin. 
We may find tlmt a muscle on one aide of the body requires a 
considerable increase of current to induce contraction, and 
therefore may assume degeneration when in reahty- perfect 
health exists; careful cm])loyment of the mllliampere meter 
will alone guard a^inst tbia. 



ELECTRO-DIAQNOSIS. 

Chnnge in excitability of oerves, due to previous aad pro 
longed appliiintion of currents, is an importnnt source of error,] 
and may be guarded agLtinat by refraining from testing a n 
until sufficient time lias elapsed during which nil previous dec 
trical excitement may subside. 

ThS diffuaiou of currents to neigbbocing muscles and ncrvea-fl 
is auother annoying complication aud source of error indiag-V 
nosis, and cannot always be guarded against. In all cases, thai 
luusclea under e^tamination should be relaxed as much as pos^fl 
sibic, and tlie others restrained, if practicable, by mechanioatfl 
means. 

A muscle may be partly healthy and iu part degenerated }i 
here the maximal contractions are diminished ; the serial, > 
qualitative contructions, may apiiear normal, yet following 
An. CI. appear slow, tardy conli-ae lions, typical of deger 
tion. 

To make a proper electro-diagnosis, the patient should he in 
a position insuring good light, relaxation of muscles, and facility 
of examining symmetrical parts of the body. The patient i^hould 
he told to abandon all volition over tbe muscles involvi-d. The 
indifTerent electrode should then be fixed in .position, the 
sternum being generally preferred ; the other eleclroile sliould 
be small, with an inten-npting handle held in the hand of the , 
operator. Water sbould be used freely both upon the skin of J 
tbe patient aud upon the covering of the electrode. The tur-T 
rent should not !« allowed to permeate the tissues longer Lhttal 
absolutely necessary, for the reason given above, irritability ■ 
increasing iu proportion to the duration of application. 

The faradic current should l>e used first in esaminnLion ot'^ 
nerve-trunks and motor points, and the fine or small electrode ' 
employed according to circumstances. Bymmstricnl points must 
be carefully selected, and, when properly located, had beat be 
marked. It i^ then noted how much of the primary coil must 
be covered by the secondary to induce conlntctions, < 
much of tbe cylinder must be withdrawn, If strong currents I 
are necessary, the interrupting handle may be employed, iol 
order to limit the duration of pain. Tiie ditfusion of currents to. I 
other muscles will often cause embarrassment, but this diiHcultf J 
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may be much reduced by care. Upon finding the minimal con- 
traction of muscles upon both sides, we may determine the 
character of contractions to both medium and strong currents, 
for the purpose of comparing contractions. DeWatteville sug- 
gests the use of a bifurcated reaphore, and thus alternately 
cause contractions first on one side, then on the other ; he 
thinks better observations may thus be taken. 

From the faradic, the same learned writer instructs, we ad- 
vance to the galvanic current, and for the active electrode em- 
ploy the small one, about J inch in diameter ; by means of a 
dead-beat milliampere-meter we note the strength of current 
required to produce a response. Always begin with the 
cathode active, interrupting the current occasionally, as re- 
quired, and with this current particular care should be used to 
guard against electrotonic eflfects causing fallacies. In this way 
we, with considerable facility, determine whether or not the 
normal formula prevails, t. c. ; — 

Ca. CI. C.> An. CI. C. > An. O. C.>Ca. O. C. 

All suspected muscles should be examined. The character 
of reactions, as well as their series, should be carefully com- 
pared with each other and with those of the opposite side, 
whether they react with a sharp, quick contraction, as in health, 
and whether they occur with a proper strength of current. 

From what has now been laid before the student we trust 
it is fully understood that reaction of degeneration occurs only 
when the muscles are cut ofl' from nervous communication 
with the spinal centre in the anterior cornu, whether the cause 
be in the cord itself or in the distribution of the nerve. In 
hysteria the electrical irritability is often exnggeraled. Likewise, 
in disease of the lateral columns of the coid, and in cerebral 
lesions, the muscular contractions may be found exaggerated — 
i, e., respond vigorously to slight stimulation. This is owing to 
the fact that the path from the brain to the cord is preventing 
the transmission of one of the highest functions of the former 
organ, inhibition, the same cause operating as in exaggeration of 
reflexes. The diagnosis of certain cord and peripheral lesions 
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J from those of the eacephalon la by no iiiee 

imiKirtiint iu the vnrious appLtcalioiia of Ibis etill obsture ageot^ 

To Erb, more tliaii to auy one, we are indebled for a v 
pIctG Gchciue of '* locnl faradiziUion" of the motor uerves and 
of the iiiuscleB. The fullowing illustrations ant] explanatory 
descriptive mutter are taken froiQ his work chiefly : — 

rig, S7. . Tins illustration gives an idea of the situation of the 
face and liead motor points; the dotted points ludicale the chief 
positions of BtimuUUion. Fins active electrodes should L)b used. 




1, FronUIti, 2. f>ielalneiveiti^r.). S, I 

a. Null luuBizIin. 8. Zygt.niBtiei. 7. Otblmlaria orl.i. 8, Picial nrnt ( 

1. LoCHlar msati. 11. Qurulrslua mcnll, IS. Trlangulirln m 

*nrr. I*. Fbaal nirrrHn/er.). 15. llalj-sma njoldes. Ifl. Hyoid mm- ' 

rUnohyoL.leui. 18. St. ani. Iborocie stfw (pectonills mtioi). I». Phnnic 

I. FifiA and lirlh ^<TF, Turrei (dclloJdeus. bleeps. brHuhliltg, aupln. lungiu). 

II. Brachial pl'iur. n. Long Iharaclc nen* iBerrnluH uiaguui). 23. Circimfiet Herrt. 

H. DorialU wojinteBmwfrhoQiboidei). S5. Trnppiliis. ZB. Levilor anguU scapuls. 

tl. ^iml aaxHurg •"rm. 28. EierDO-iaDsloldeii!. 39. Splenlus. SO. F>ic«il Kenv 

IM, branch). SI. facial navr \,mei. branch). Si. Pail, auricular ncrce. S3. Fadat 

<e (IriniJt). M. Fliftal nfm (np. branch). 8fi, Temporalli. M. Third fimlal 

fa fOK-ln of ipeBob). Sn.Anma.Jrau.'BidparitL^mKl.i.tB.otMta.na), 
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Fig. 58 illustrates the motor poiots of tlie arm, forearm, aod 
hand, flexor aspect. 

Fio. 68. 




MPS (rap. long.), a. Triceps (csp.lnlern.V 3, irinar nervt. «. Flei.orpl 
5. tlei.ain, cum. prof. S. Flen. dig. (li.el IH). Bubl. 7. FLm. dig. |lnd. 
I subl, S. Ulnar nmf. 8. PalmBris brerls. 10. Abductor dig. mln. II. 
dig. mln. 1^. Opponcnn dig. mln. 13. Liimbricales. 14, Adductor poll. 
S.Hex.poll.breT. IS.Opponenspollicls. 17. Abductor polllcls. li. Mfdim 
19. Fler, poll, longus. 30. Yivx. Hubt. digit. 21. nnx. cupl radialls. 22. 
.r rsdli tervo, ra, Huplnator longus. 24. .VnJmR ncm, 
. Biceps. 27. ilKKiilM:«la«. ncrrf. 28. DelloldeuB (iDt. pan.}. 
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Pig. 59 illustrates the same as above, extensor aspect. 



Fio. 59. 




1. DeltoideuB (poet. port.). 2. Musculaspiral nerve. 3. Brachialis anticus. 4. 
Supinator longus. 5. Extens. carp. rad. long. 6. Extens. carp. rad. brev. 7. Extens. 
comm. digit. 8. Extens. indicis. 9. Ext. os8. metae. poll. 10. Ext. prim, intern, 
poll. 11. Interossei dorsal. (I. et II.). 12. Interossei dorsal (III. et IV.). 13 Abduct, 
min. digiti. 14. Ext. sec. intern, poll. 15. Extens. indicis. 16. Extens. min.digiti. 
17. Supinator brevis. 18. Extens. carpi ulnar. 19. Triceps (cap. ext.). 20. Triceps 
(cap. long.). 
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Fig. 60 illustrates the motor points of the thigh, anterior 
aspect. 

Fig. 61 illustrates the motor points of the thigh, leg, and foot, 
posterior aspect. 



Fig. 60. 



Fig. 61. 





Fig. 60. 1. Orvral nerve. 2. Obturator nerve. 3. Pectineus. 4. Adductor magnus. 
5. Adductor longus. 6. Cruralis. 7. Vastus iuternus. 8. Vastus externus. 9. 
Rectus femoris. 10. Quadriceps (common point). 11. Sartorius. 12. Tensor vag. 
femoris. 

Fig. 61. 1. Sciatic nerve. 2. Biceps femoris (cap. long.). 3. Biceps femoris (cap. 
brev.). 4. Peroneal nerve. 5. Gastrocnemius (cap. ext.). 6. Soleus. 7. Flexor hallucis 
long. 8. Tibial nerve. 9. Flexor digit, comra. long. 10. Soleus. 11. Gastrocnemius 
(cap. int.). 12. Posterior tibial nerve. 13. Semi-membranosus. 14. Semi-tendi- 
nosus. 15. Adductor magnus. 16. Gluteus maximus. 
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Fig. 62 illustrates the motor points of the leg, outer aspect. 



Fig. 62. 




1. Tibialis anticus. 2. Extens. digit, longiis. 3. Peroneus brevis. 4. Extens. 
hallucis longus. 5. Interossei dorsales, 6. Abductor rain, dipiti. 7. Extens. digit. 
brevis. 8. Flex, hallucis long. 9. Sulcus. 10. Peroneus longus. 11. Gastrocne- 
mius. 12. Peroneal nerve. 



PART II. 
SPECIAL ELECTRO-THERAPEUTICS. 



As has been before stated, notwithstanding the exceedingly 
large amount of investigation the subject has received and its 
accuniuhiting Hterature, it is difficult to set an exact value upon 
the medical properties of electricity. The claims of the over- 
confident specialist and the depreciation of the therapeutic 
nihilist tend to create chaos in the minds of practitioners, who 
are compelled to obtain from the experience of others, rather 
than from their own, sufficient knowledge to properly treat cases 
in which it would appear electricity might prove of benefit. 
But few have the clinical facilities for personal observation in 
regard to this agent. The majority must therefore perforce 
look to the text-books for guidance, only, it nmst be confessed, 
to be misled too frequently by colored assurances of the power 
of this or that method of cure; specious conclusions, drawn 
with reprehensible freedom by "posi hoc ergo propter /loc" reason- 
ing. The therapeutics of electricity is based more or less 
upon empiricism, for, beyond its power to induce miiscular con- 
traction, but little is known with certainty as to its action in 
disease. The public, owing to the unprincipled claims of char- 
latans, as well, it must be added, as to the hasty, unsettled 
announcements of honest men, often look to this remedy 
with hope and confidence after faith in other treatment has 
departed ; and, in truth, *' after all said and done," upon con- 
sideration this fact need excite no special wonder, the tendency 
of many diseases being toward remission or resolution. Hence, 
inferences have doubtless frequently escaped that accurate, 
impartial, and judicial summing up so valuable to the practi- 
tioner. 

(128) 
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Exact pathological diagnoses are very difficult to obtain, and 
in neurology, with the same dabi, equally well-trained observers 
may arrive at quite different conclusions as to the nature of 
the morbid process underlying a palsy or a spasm, so that, even 
when the modifying psychical factor is eliminated in both patient 
and physician, another often remains which tends to modify 
deductions. 

The majority of investigators are now agreed that electricity 
is of far less service in cerebral and spinal disease than it is in 
peripheral nerve affections, such as neuritis and neuralgia, and 
that decidedly better results are thereby attained in functional 
and nutritional disorders than when the trouble depends upon 
organic change. In organic central affections its value is quite 
problematical. 

The therapeutic field of galvanism is, of course, much wider 
than that of famdism. Faradism is of use mainly as a 
stimulator of muscle when still connected with the spinal 
nutrient cells. Galvanism has a widely extended range of use- 
fulness, and stimulation of muscular contraction is but one, and 
oftentimes the least, of its uses ; thus, we have its favorable 
influence upon nutrition and disease by means of its chemical, 
electrolytic, catalytic, and cataphoric action ; probably, a most 
important effect may prove to be its power to bring (under 
proper management) medicaments into direct contact with 
affected parts, and thus to quiet pain and promote absorption. 

Lack of space forbids us entering into a lengthy discussion of 
the theoretical effects of the currents in health and disease, 
or into a detailed account of all the many ailments in which 
electricity has been employed ; nor would it be advantageous to 
the undergraduate, for whom this manual is principally in- 
tended, that we do so. We shall rather confine ourselves to a 
discussion of its applicability in those affections which the con- 
sensus of experience would indicate it is most useful. 

As might be expected, faradism is of far less service than 
galvanism in cerebral disorders. Our usual object in resorting 
to electricity in brain affections is to modify nutrition rather 
than to excite nerve action ; nevertheless, we cannot doubt the 
value of the reflex effects of faradism in central disease, obtained 
9 
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through the stimulation of afferent nerves, thus promoting cen- 
tral changes. 

Peripheral faradization with the wire brush or with the hand 
is thought to be not inefficient in cerebral hypersemia, insomnia, 
and psychosis, also in cerebral hemianresthesia. Mild faradic 
currents are applied to the head, with the expectation of bene- 
ficial results. In using the faradic brush or the hand, the area 
of skin over which either is applied must be thoroughly dry 
when the purpose is stimulation of the integument alone ; but 
where deeper penetration is desired, and a more far-reaching 
action, the hand and the skin should be moistened, the hand 
being the electrode. When a mild current is preferred, the 
hand of the operator may well take the place of the brush, for 
in this mannei;;' the strength of the current can be best regulated, 
the sensation of the operator being the guide. 

Faradization of the upper extremities and trunk, especially 
the abdomen, tends to produce cerebral ancemia. 

In applying galvanism to the head, the electrodes should be 
large and flexible, and should be firmly applied to the part 
before the current is turned on through a current controller or 
rheostat ; the galvanic current should then be gradually increased 
and carefully observed by means of a reliable milliampere meter 
m order that its strength be accuratelv noted. The current 
employed should at first be a weak one, less than one milliampere, 
and the sittings brief (J to 3 minutes) ; sudden changes of 
polarity it is extremely important to avoid, save for the purpose 
of attaining special eflects, and any sudden increase or decrease 
of current strei>gth is equally to be shunned. At the end of the 
sittmg the current must be gradually reduced to zero without 
altering the pressure upon the electrode. 

The following are the usual nlethods of application :— 

1. Longitudinal Galvanization. — A large flexible electrode on 
forehead, the other on occiput. 

2. Transverse Galvanization.— Large or medium electrodes 
to bi-mastoid region. 

3. Subaural Galvanization. — Medium electrode below ear ; 
the other on opposite side of head, forehead, or upon the nucha, 

4. Diagonal Galvanization. — Medium electrode to frontal, 
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fronto-temporal, or fronto-parietal region, and the other to the 
occipital region of the opposite side. 

5. Localized Galvanization. — Medium electrode over the con- 
volutions it is desired to galvanize, if the morbid process is 
superficial, the other on the opposite side of neck or below the 
ear. Several of these methods may be employed with advantage 
at the same siance. The polarity of the electrode should be 
attended to if it be especially desired to influence the cerebral 
circulation. If it is desired to increase the flow of blood to 
the brain, the anode should be applied to the neck and the 
cathode to the forehead. If an anaemic efiect is desired, the 
reverse is indicated. 

For localized foci of disease, Erb recommends transverse ap- 
plication of the current, so that the morbid process is in a straight 
line connecting the electrodes, the choice of pole depending of 
course upon the indication. To accelerate the circulation and 
dilate the vessels the cathode is applied to the diseased side ; to 
produce an opposite effect the anode should be placed over 
the diseased area. Localized morbid processes may also be 
influenced by longitudinal conduction from the forehead to the 
neck upon the aflTected side with the anode on the forehead. 

So-called galvanization of the sympathetic (subaural galvan- 
ization) is of value in cerebral diseases. Its effects are exerted 
about the base of the skull, the vagus, and the cervical cord. 
This method has been already described. It has been thought 
well to apply on both sides, even though the lesion be unilateral. 

Cerebral Affections. 

Cerebral Hemorrhage, Softening from Thrombosis and 
Embolism. — Treatment should not be instituted until two to 
four weeks after their occurrence. Longitudinal, transverse, or 
oblique conduction of a mild uninterrupted galvanic current 
through the head, bringing the location of the lesion into a 
straight line between the electrodes, as nearly as possible, is the 
method to be pursued, the anode being placed upon the side of 
the lesion. It has been held that galvanism will thus tend to 
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promote absorptioQ of the effused blood and improve the state 
of the cerebral circulation and nutrition. 

Bilateral subaural galvanization is also of service. Peripheral 
faradization and galvanization of the affected muscles should 
also be employed. The faradic brush will benefit ansesthesia, 
should it be present, and aid the cerebral and peripheral circu- 
lation. Contractures are best relieved by mild faradization 
of the relaxed and paralyzed antagonists of the contractured 
muscles. Trial should also be made of stabile galvanization 
with the anode at the extremity of the contractured part and 
the cathode over the area of the cord whence the nerves of the 
stimulated muscles spring. Mechanical means are, however, 
usually of more service than electricity in relieving contractures 
of cerebral origin. 

The various forms of brain galvanization described are of 
service, or that recommended by Althaus (central galvaniza- 
tion), in a recent paper on the treatment of cerebral syphilis, may 
be tried— i. e., a large electrode to the epigastrium, a second 
smaller one then applied successively to the forehead, vertex, 
mastoid processes and cervical vertebrae, for ten to fifteen 
minutes daily, using a current of from one to five milliamperes. 
Where the lesion can be localized, as in the cortex, the exact 
portion should be more particularly acted upon. 

Chronic Meningitis, Multiple Sclerosis, Hydrocephalus, Pro- 
gressive Bulbar Paralysis. — Electricity is of very little service 
in these affections. Should it be tried, galvanism by the 
methods just laid down offers most hope. The progress of 
bulbar paralysis may sometimes be temporarily checked by per- 
sistent use of galvanism, stabile transverse conduction of the 
current through the mastoid processes, together with subaural 
and cervico-spinal galvanization, and galvanization or faradiza- 
tion of the paralyzed muscles. The movements of deglutition 
should be induced a number of times in a sitting by the applica- 
tion of one pole to the nucha, and the other over the larynx, 
and by securing frequent reversals of the current. 
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Psychical Disorders. 

Psychical disorders, depending less upon organic change than 
upon functional, nutritional, or circulatory disturbances, are 
most benefited by electricity ; and the earlier in the case it is 
resorted to the more decided is the benefit likely to result. In 
conditions of depression, such as melancholia, hypochondriasis, 
and stupor, good results are often obtained by peripheral fara- 
dization with the brush, or with large well-moistened electrodes ; 
central, cerebral, subaural, and spinal galvanization also are 
beneficial. 

Insomnia, so frequently an accompaniment of melancholia 
and hypochondriasis, is also benefited by general faradization 
and galvanism, applied as above. 

In all conditions of depression it is better at first to make a 
trial of the cathode as the active pole. On the other hand, 
where irritation is a prominent symptom, the anode will per- 
haps prove more satisfactory in results. But, as stated in the 
first part of this work, should the desired benefit not accrue 
from this theoretical plan of procedure, no hesitation should 
exist in making trial of either pole indiscriminately. Electrical 
treatment should not be employed in cases of acute mania, or 
in conditions of general nervous hypersesthesia, or in psychical 
hypersesthesia. 

General Neuroses. 

Neurasthenia. — Galvanic, faradic, and static electricity may 
be employed, often with considerable advantage in neurasthenic 
conditions. The underlying cause should of course be removed, 
and appropriate hygienic and medical treatment supplement 
the electrical. Central, cerebral, subaural, and spinal galvan- 
ization are of much value. General faradization and galvaiio- 
faradization should also be tried, as should static electricity, 
especially the static charge. For painful spine, the anode of 
a strong galvanic current should be applied. The faradic brush 
is also of service. 
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Hysteria.— Electricity is of little value in the treatmeut of 
the general hysterical condition, save perhaps as a psychical 
agent, for which reason, as stated by Erb, confidence in the 
physician and the remedy is the best guarantee of success. 
Feeble currents and short sittings should be the rule. General 
faradization, faradic baths, general, central, subaural, and spinal 
galvanization are all recommended for the hysterical condition ; 
their value, save through mental impression, is problematical. 
The local manifestations of hysteria — ansesthesia, paralysis, 
etc. — often yield with surprising readiness to electricity. 

The chief points in the recognition of hysterical paralysis, 
apart from the accompanying symptoms of the hysterical con- 
dition, are the unaltered electrical reactions and absence of 
other wasting than that induced by the disuse of the affected 
part. Active faradic stimulation is indicated for the motor 
palsy. The accompanying ansesthesia is usually promptly dis- 
sipated by frequent employment of the wire brush. For hys- 
terical hemiansesthesia, stimulation of a circumscribed area of 
skin on the forearm, as recommended by Vulpian, frequently 
produces brilliant results, the galvanic current being used. 

Exophthalmic Goitre. — Excellent results are often obtained 
by the persistent use of galvanism in this affection. The usual 
methods of application are subaural, transverse, and diagonal 
brain and spinal galvanization. 

For the exophthalmus, the current is passed transversely 
through the orbits, or one pole is placed over the closed eye and 
the other in the subaural region. The enlarged thyroid may 
be diminished by passing a current transversely through it, or 
by one electrode on the gland, the other below the ear. Weak 
continuous currents should always be used. Duration of sittings 
should be from five to ten minutes. 

Chorea. — Electricity seems to have very doubtful permanent 
beneficial influence upon chorea, though it may be of some tem- 
porary service in lessening the jactitations. Subaural, spinal, 
and central galvanization offer the greatest promise of success. 

It is very questionable if static electricity is of any value in 
this affection. 
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The Diagnostic and Prognostic Importance of 
Electricity in the Paralyses. 

It will be remembered, from what has been stated in a pre- 
ceding section, that the disappearing faradic irritability in the 
nerve and muscle, with serial and modal alteration to galvanism 
(degenerative reaction), enables us to tell indubitably that a 
paralysis is not cerebral in origin, but does not assist in the 
differentiation of a spinal from a peripheral palsy. Tliese 
must be separated by other diagnostic means. Sliould a cer- 
tainty exist as to the spinal origin of palsy, the electrical 
behavior of the affected nerve and muscle informs us as to 
the implication of the anterior cornual cells. The diagnostic 
importance of an electrical examination is beyond question. 
Electricity is also of immense value in prognosis. The severity 
and duration of a paralysis can often be told by it with 
positiveness. In slight peripheral-neuritic paralysis in which 
faradic and galvanic response undergo no change, a certainty 
of recovery within a month or so may safely be predicted. In 
paralysis of somewhat more severe type, with partial degene- 
rative reactions, diminished faradic and galvanic response in 
the nerve, diminished or absent faradic response in the muscle, 
and with slight serial and modal galvanic alteration, but with 
only slight atrophy of the muscle, recovery may be predicted, 
but will not occur before several months have elapsed. When 
typical reaction of degeneration is present with decided atrophy, 
the paralysis is likely to be of many months' duration, and com- 
plete recovery may not occur ; the greater the atrophy the more 
decided the electrical alterations, and the longer their duration 
the less the chance of recoverv. When volta ic alternatives alone 
induce contraction in a markedly atrophied muscle, the proba- 
bility of a restoration of function is slight indeed. 

Diseases of the Spinal Cord. 

Strong galvanic currents are necessary directly to affect the 
contents of the spinal canal, and these must be applied through 



136 ESSENTIALS OP MEDICAL ELECTRICITY. 

large, well-aioistened electrodes. The position of the electrodes 
should be determiued by the seat and character of the lesion. 
Should it be of small area, the electrodes may be placed but a 
short distance apart and a stabile current used. If it occupy a 
considerable vertical extent, one electrode should be placed at 
the cervical region, and the other held over the supposed lower 
limit of the lesion, or, better, made slowly labile over the affected 
area. If the upper part of the cord is to be galvanized one of 
the electrodes had better be placed in the subaural position, 
while the other rests upon the spinous processes of the lower 
cervical or upper dorsal vertebrae. It makes but slight difference 
which is the active electrode. In conditions of irritability and 
pain, however, the anode should receive preference. Usually 
it is better to use both poles alternately in order to secure the 
catalytic effect of each. 

The cord may also be influenced reflexly through peripheral 
cutaneous irritation with the faradic brush or by general fara- 
dization, or with mild galvanic currents. 

This latter method is often useful and provocative of benefit 
when the condition of the patient will not admit of strong cur- 
rents being applied to the spine. There seems no doubt that 
peripheral surface irritation exerts a beneficial influence on the 
vascular supply and nutrition of the cord. Electrization of the 
cord and limbs should be combined in cases of paralysis having 
their origin in the spinal canal, as in atrophic spinal paralysis. 
A large flexible spinal electrode is placed in apposition with the 
area corresponding to the seat of disease ; the other is applied 
labile to the peripheral muscles involved. 

Spinal meningitis, in its chronic form only, is amenable to 
treatment by electricity. Where the exudate has caused con- 
siderable compression of the anterior nerve-roots, degeneration 
of these with paralysis and atrophy of the muscles enervated 
by them will result. These muscles should receive appropriate 
galvanic or faradic stimulation to obviate further atrophy. Of 
course, faradism will be useless if the muscles have already 
ceased to respond to its stimulation. While the affected nerve- 
roots should also receive attention, little can be expected from 
galvanism, or, indeed, any form of treatment. Where organ- 
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izatlon of the exudation has taken place, galvanism alone of 
all currents of electricity should be used, and even this would be 
efficient only through its electrolytic action ; and a current suffi- 
ciently powerful to exert appreciable effect in this direction 
could not be borne. In less severe forms of meningitis galvan- 
ism may be of considerable service in allaying irritative symp- 
toms, and as a stimulant to circulation and nutrition in the 
affected area. The method of application would be the same as 
in myelitis. 

Myelitis. — In the ordinary forms of chronic myelitis electri- 
city, despite the assertions of over-confident electro-therapeutists 
to the contrary, is of scant efficacy, save through its influence 
on the paralyzed muscles enervated from the diseased area. 
Galvanism alone should be used for the central lesion by virtue 
of its catalytic effects and its influence on circulation ; in other 
words, on account of its theoretical effect upon nutrition. Though 
it must be admitted that the results of this treatment are not 
encouraging. 

Galvanism may be used conjointly with other remedial 
measures which seem to be indicated. As before stated, a cur- 
rent of decided strength is necessary to reach the cord itself, 
upward of thirty milliamperes being required. Very large 
electrodes are, of course, necessary to enable this to be endured. 
Applications should be daily ; the duration from one to ten 
minutes, depending upon the strength of current employed. 
Stabile currents should be used and the polarity changed. In 
gradually diminishing and swelling the current care nmst be 
taken to avoid shocks. In compression-myelitis (secondary to 
vertebral caries) no benefit will result unless the diseased verte- 
brae first receive attention. In dorsal myelitis, the nutrition 
of the leg and thigh muscles being unaffected and the reflexes 
in excess, electricity is apt to be provocative of harm when 
applied to these extremities. Should the myelitis occupy the 
cervical or the lumbar region, active electrical stimulation may 
be required to prevent extensive atrophy in the extremities. 
Should faradic response be absent, the galvanic current only 
would be indicated. The larire indifferent electrode should be 
held on the affected part of the spine ; the exciting or peri- 
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pheral electrode should be either the anode or the cathode, de- 
pending upon which obtains the more ready response. 

In complete transverse myelitis the bladder and rectum are 
always afl'ected. Jf the lesion is lumbar, there is paralysis of 
the sphincters with incontinence of urine and fseces ; if above 
the lumbar region, there is also faecal incontinence with inter- 
mittent or overflow incontinence of urine/ In both, cystitis, 
with its accompanying synaptoms, is apt to result. Electricity 
is often of decided service in restoring power to the bladder and 
rectum ; galvanism and faradism are both of service. The cur- 
rent may be applied percutaueously (over the skin) or internally 
through the catheter-electrode. In the first method, should 
overflow incontinence be present, one pole is applied to the 
symphysis, the other to the lumbar spine ; if simple inconti- 
nence, the first pole had better occupy the perineum. If sphincter 
and detrusor seem to be equally weakened, both applications 
should be made, or one pole may be placed on the symphysis, 
the other on the perineum. Strong stabile and labile galvanic 
currents should be used. Spinal galvanization and faradization 
should also be tried. By the internal method one electrode fs 
placed upon the lumbar spine ; the second, a bougie, insulated 
to its metallic tip, enters the urethra as far as the neck of the 
bladder in incontinence, but in retention it should be passed 
into the organ. It is important that this procedure should be 
undertaken under antiseptic precautions. 

The bladder should contain urine or another saline fluid 
when directly electricized. Faradism or interrupted galvanism 
may be used. In rectal applications an olive-shaped metallic 
electrode is introduced into the rectum ; the other pole is placed 
along the symphysis or on the lumbar spine. 

In anterior polio-myelitis orinfenlile palsy, which is due to an 
acute inflammation of the multipolar cells in the anterior cornu of 
the cord, the electrical treatment should be carried out on the 
lines already laid down in the description of the treatment of 
meningitis and myelitis. Paralyzed muscles, the motor nerves 
of which spring from spaces of acutely degenerated anterior 
cornual cells, undergo rapid wasting, succeeding the degeneration 
of nerve-cells and nerves that arise from them. Faradic irrita- 
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IxUity in the nerve and muscle, and galvanic in the nerve are lost 
early ; galvanic irritability in the muscle is increased for a time, 
but diminishes as the muscular fibres undergo degeneration, and 
finally, after a year or so, disappears coincidently with the com- 
plete degeneration of the aflected muscle. Not infrequently 
some irritability returns after many months, due to partial re- 
covery in certain muscular fibres. No degenerative reactions 
occur in those muscles which do not waste. Farad ism is use- 
less, for the muscles the seat of atrophy will not respond ; 
galvanism should be alone used and persisted in patiently for 
mouths. Applications should be made daily of a current sufli- 
ciently strong to cause contractions in the afiected muscles. In 
this way the progress of atrophy may be arrested and the mus- 
cles ultimately be in a condition to respond to voluntary nerve 
impulses when sufficient recovery has taken place in the cord to 
generate and nerve elements to transmit it. As suggested by 
Gowers, the application need only be made to those muscles in 
which the faradic irritability is lowered or lost; other muscles 
will recover without its aid. Treatment should not be instituted 
before the third or fourth week. 

Progressive muscular atrophy, due to a slow degeneration of 
the ganglionic cells in the anterior cornu and their prolonga- 
tions in the axis cylinder, is unfortunately but little amenable 
to electrical treatment. If it be used at all, a mild galvanic or 
faradic current (depending upon which induces better response) 
is indicated ; one electrode over the affected region of the spine, 
the other upon the motor-point of the atrophied muscle or mus- 
cles. Subaural, central, and spinal galvanization may also be 
tried. 

Spinal Sclerosis.— Electricity in lateral and disseminated 
sclerosis has accomplished little or nothing as a remedy. In 
the former, spinal and central galvanization may be used ; in the 
latter, these, as well as subajiral and the various brain galvani- 
zations, offer the least chance of failure. 

Faradism should not be administered in lateral sclerosis. 

True cases of postei'ior sclerosis have been reported cured by 
spinal galvanization ; also by peripheral faradization with the 
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Fio. 63. 



brush, but we have never been able to note the slightest per- 
manent benefit therefrom out of many cases subjected for long 
periods of time to the various forms of electrical treatment. 

As faradic peripheral stimulation 
of the skin, or of the underly- 
ing parts, with the object of 
reaching the centre through in- 
tact afferent paths, and thus 
influencing nutrition there, and 
reflexly affecting both central 
and peripheral lesions, is of un- 
questionable value in certain 
neurnl affections ; it must be in 
this manner that the favorable 
results reported through the use 
of the wire-brush in posterior 
sclerosis were obtained, and the 
improvement reported as occur- 
ring after its persistent use for 
anaesthesia in cerebral disease 
has a like explanation. It is 
probably of value in myelitis 
and in neuritis. In anterior 
poliomyelitis, though the mus- 
cles supplied from the inflamed segment may not respond to 
faradism, it is nevertheless conceivable that cutaneous faradic 
stimulation may have a beneficial influence on the central lesion, 
and should at least be given a trial. The figure taken from Erb 
illustrates the path traversed by the electrical impression, the 
electrode applied at e. 




Other Special Paralyses, Motor and Sensory, 
Optic Neuritis, and Secondary Optic Atrophy. 

Encouraging results have been obtained from galvanization 
in optic neuritis and secondary atrophy. Erb recommends 
stabile currents, electrode primarily at the temples ; then one on 
the closed eyelid anode in neuritis, but the cathode as soon as 
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sigus of atrophy appear. The indifferent pole should be upon 1 
the Qaclm. Subaural galvnntziition may also be used with a 
large eleutrodi: and feeble current ; sitlings short (twi) to live i 
minutes). 

FaralyBiB of Ooular Nerves.— The methods just luentioued 
uuder the liesid of optlu iiuuritis may be tried, and iu addition 
the anode may be placed on the neek or above or helow the eye- 
lids, with the cathode over the closed lid. If thmdlsm be 
resorted to, Erb recoiumends that the index finger, inelosed ii 
wet linen, should be used ae an electrode ; current etreugtb 
and duration of sitting same as atmve. 

Paralysis of the Facial Nerve, 

Rheumatic inllammatioD of the nerve ivithin the Fallopian ] 
ciinnl is the most corumou cause of this afTcction. In well- 
mnrkcd cases the palsy is apt to be decided, and of considerable 
durntioD. Reactions of degeneration are lo be looked for with 
confidence, particularly where active treatment has not been 
promptly instituted. 

The lesion will frequently be found in the canal just before the 
nerve emerges from the slylo-mastoiJ fummen. 

In a class of much milder cases, the neuritis is found situated 
in a portion of the uerve after its emergence from the fora- 
men. These cases are readily distinguished by less palsy, and 
by the fact that fanidio and galvanic altemtions do not occur, 
while recwevy takes place iu two orthree weeks. On the other 
hand, in Fallopian neuritis the pamlysis is a matter of jjrave 
importance. Taste is usually affected upon the anterior two- 
thirds of the corresponding side of the tongue ; degeneration. 
reaction, partial, or complete, appears early, and recovery is 
delayed and often incomplete. Contractures and mnsculnr 
twitchings may follow. 

Midway between the light and the severe form is found a 
group of cases in which pnrtial degeneration exists, and in 
which the prognosis is somewhat favorable, recovery occurring 
in a few months without subsequent contmctures, etc. 

By means of electricity a certain prognosis may be given as 
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to the duration of the paralysis at the end of the first week. 
Normal nerve irritability at this time may be taken to indicate 
recovery within three weeks. On the other hand, somewhat 
diminished irritability points to more serious disease, t. c, four 
to eight weeks. Very markedly diminished neural response 
signifies a prolonged case and a tardy recovery. 

Treatment.— Electrical treatment should be instituted at once 
upon complete subsidence of all inflammatory symptoms. The 
lesion itself should be the part first treated, either by direct very 
mild galvanization, or by means of the electrodes placed stabile 
in the auriculo-mastoid fossa or upon the petrous portion of the 
temporal bone. Galvanic or faradic stimulation of the trifacial 
may also be attempted. In any peripheral paralysis, where the 
stimulus cannot be properly applied directly to the proximal 
side of the lesion by reason of its situation, as in the Fallopian 
canal in facial palsy, electrical stimulation of an afferent nerve 
(in this instance, the trifacial) produces reflexly an efierent 
impression upon the proximal portion of the nerve, and thus 
serves to promote the removal of the obstruction in the nerve. 

Peripheral treatment should consist in, preferably, galvanic 
stimulation of the affected muscles, the active electrode being 
the one from which the best response is obtained with a mini- 
mum strength of current (An. in R. De.). The anode or cathode 
is placed either behind the ear, or anteriorly in front of the 
zygoma, stabile ; the other pole should be stroked along the 
course of the upper, lower, and middle facial muscles. One to 
two daily applications should be made of from five to fifteen 
minutes' duration. Even after faradic response returns in the 
severe forms of facial palsy, should the electrical treatment be 
continued, galvanic stimulation is preferable to faradic for 
reasons laid down in another section. 

Electrical treatment is more likely to aggravate than to 
ameliorate spasms and contractures which occur in the later 
stajre of the severe form of facial neuritis. 

Hypoglossal paralysis is usually a symptom of bulbar 
paralysis, or of cerebral hemiplegia. In cerebral hypoglossal 
paralysis atrophy of the tongue and electrical alterations do 
not, of course, ensue. In nuclear or infra-nuclear paralysis 
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atrophy always occurs, and may be accompanied by degenera- 
tive reactions. 

The treatment of hypoglossal paralysis must vary with the 
cause. If of nuclear origin, the treatment should be similar to 
that employed in progressive bulbar paralysis ; if due to hemi- 
plegia, cerebral galvanization may be tried. Peripheral treat- 
ment may be : anode at the neck ; cathode at the motor point 
of the hypoglossal or directly to the tongue. 

Muscnlo-spiral paralysis (not due to lead), and other peri- 
pheral pareses of the limbs, should receive faradic and galvanic 
treatment on the lines already laid down in the preceding pages. 
Should the paralysis be due to disease of the anterior cornu, 
the treatment would be similar to that 'given for polio-myelitis. 
If neuritic, a treatment similar to that indicated for facial palsy. 
If degenerative reaction is present, faradism is useless save for 
its reflex eflect on the proximal side of the lesion. This should 
be reached, when possible, directly by galvanism and faradism, 
in order that the obstruction to motor conductivity may be the 
quicker overcome. As stated by Erb, frequent use of a motor- 
conducting path diminishes the resistance in the latter. Erb's 
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Fig. 64. 
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Schematic representation of a motor paralysis, h, motor-conducting path; 
m, muscle ; a, site of lesion, obstruction to motor conduction ; e, electrical irritant 
applied to central side of site of lesion. 

words are : "In this manner we sometimes succeed in forcing 
the conduction of the process of excitation by means of the 
electrical current ; when this has been achieved, the stimulus of 
the will may gradually grow effective and the paralysis disap- 
pear." The current should be applied as represented in the 
illustration, which is taken from Erb's work. 

Daily stimulation of the paralyzed muscles with galvanism 
serves to maintain their normal contractility and to prevent 
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atrophy. It preserves them in condition, so that when power 
to conduct volitional impulses is regained in the nerve the 
muscles are in a condition to respond. 

Lead Palsy. The most frequent form of paralysis due to lead 
is that involving the extensor muscles of the forearms. It is 
usually of subacute onset, the right arm being first affected, 
and then the left. The extensor communis is first paralyzed ; 
then the extensors of the index and little finger ; then the 
wrist extensors and the long muscles of the thumb, etc. The 
supinator longus escapes unless the paralysis extends to the upper 
arm muscles, which is not likely to occur until a late period of 
the disease. The affected muscles waste rapidly, and soon 
exhibit the reaction of degeneration. There is early loss of all 
irritability in the afiected nerve and faradie loss in the mus- 
cles, while galvanic response in the muscles is at first increased, 

though modally altered. Soon An, CI, C = or ]> Ca. CI, C, and 

a continuous tetanic contraction is apt to be produced during the 
passage of the current. 

The view that this paralysis is due to a primary change in 
the anterior gray cells seems most consonant with all the facts. 
The electrical treatment had better be that pursued in cervical 
cornual myelitis. The anode or cathode, depending upon which 
gives the more ready response, should be used peripherally on 
the paralyzed muscles, vigorous labile applications being made ; 
while the other, larger electrode, should rest upon the lower 
cervical and upper dorsal region. This latter region should also 
receive special treatment by one electrode applied to it, the 
other to the sternum, a vigorous stabile current used, and, 
after a moment or so, a change of polarity. Subaural galvaniza- 
tion should also be used. It is possible that both galvanic and 
faradie, especially the latter with the wire brush, peripheral 
stimulation, has a beneficial effect in '' wrist drop," through a 
reflex influence on the multipolar cells. 

Diphtheritic Palsy. Paralysis of the muscles of the palate, 
pharynx, eyes, and extremities is not infrequent after diphtheria, 
due to a neuritis or anterior polio-myelitis. 

Treatment. Central and subaural galvanization should be 
used as well as local stimulation of the affected muscles. In 
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paralysis of tiie estreiuitiea tbe method elioulil be Lhe same as 
tliat just indicated for lead palsy. Paralysis of tlje ocular 
muBuIes eliould be treated aa described ou a former page. The 
palatal muscles may be directly stimulated by the applicatiou of 
small catheter-stiaped, covered, and well-nioiiitcned eluetrodes to 
them. Feeble currents only sbould be used. 

Stabile currents also should be passed trauaverscly through 
tba cheeks, or through the nuriuulo-nmstoiU fosate. Movements 
of deglulilion should be iuduced in piinilysis of the pharynx by 
the application of the anode to the ujiper part of tbe uucha, and 
the cathode labially to the laryngeal regiou. With each Oa.Cl. 
the act of swallowing will take place. 

Cardiac weakness, should it occur in diphtheria, may be suc- 
cessAilly combated by the use of galvanism iu uoDjuuction with 
stimulantB, stryclmia, etc. A large electrode is applied to the 
cardiac region— another to Che doi'Sal vert^brte, and a strong 
current, rapidly reversed, used, Subaural galvauizalioa is also 
of service in diphtheritic heart failure. 

AnSBfthesia. The treatment of aufcsthusia should be directed 
to the removal of the cause of the interference with sensory con- 
ductions, whatever that may be. The usual treatment of the 
aneesthetic condition itselfcousists in stimulation of the insensible 
area with the faradic brush— the skin having been thoroughly 
dried, and afterward preferably dusted with powder. Gal- 
vanism may also be used with the cathode labile over the autes- 
thetic part. 

For Hysterical HEMiAS.ESTnEsiA, see Hysteria. 



The Electrical Treatment of Neuralgia and 
other Painful Affections. 

Electricity is often of the greatest value iu the relief of pain, 
lism is especially of service. Its action is chiefly calma- 
Itive, the production of anelei-trotonua being the cause as gene- 
rally accepted. Perhaps, however, the catalytic effect of either 
tpole, the positive equally with the negative, is as much con- 
l cerned as the sedative inllucneo of the anode in the beueiit 
10 
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resultiDg from the patieut use of galyanism* in neuralgiform aiK 
ments. Faradism is chiefly of service in neuralgia through its 
count«r-4rritant and reflex eflects, the latter especially on the 
yaso-motor and trophic system of nerves. It may be applied 
either with the faradic brush, the sensitive surface being stimu- 
lated until a decided hypersemia is induced, or, through moist 
electrodes, a strong current being used. The " swelling" faradic 
current is often of decided benefit in neuralgia, the current 
being gradually increased and diminished while the electrodes 
are in situ. 

When galvanism is resorted to, stabile currents should first 
be tried, with the anode upon the painful nerve-trunk or over 
a- painful point. The application should be strong, very gradu- 
ally increased and diminished, without alteration of pressure or 
making interruptions. Should the desired eflect not be obtained 
with one pole, the other may be tried. 

The best results seem to be obtained when both electrodes are 
applied to the course of the nerve, the cathode being peripheral 
in location. Several applications may be successively made along 
the course of the nerve, with the electrodes, when possible, about 
25 cm. apart. Erb commends this plan. It is particularly ser- 
viceable in SCIATICA. In this disease (which in many cases is 
rather neuritis than neuralgia), perhaps the best method of 
procedure is to place the anode over the situation of emergence 
of the nerve from the sacrum. The cathode is placed lower, 
down on the nerve, at first at the sciatic foramen, then about 
mid-thigh. Following this, in the popliteal space, etc., over the 
peripheral distribution of the nerve ; or the more purely polar 
method may be tried. Erb has had good success with it. The 
cathode is placed upon the anterior surface of abdomen or thigh, 
while the anode is applied stabile to the various parts of the nerve, 
such as vertebrae, plexus, sciatic foramen, and to the points dou- 
loureux. A few interruptions of the current should be made at 

* The secondary current (of, preferably, very fine wire), rapidly 
interrupted, should alone be used when a sedative effect is desired. 
To produce muscular contractions either the primary or secoDdary 
current may be used. 
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the tenninnlion of the npplicnliou to relievo the stiSiiesB of the 
inusdes apt tu be present ia chi'ODic cases. The electrodes 

' Bhould be liirge aud well moisletied, and upwards of 30 or more 
mi Hi amperes used. Applicutioiis, an iu tbe ireatmeot of nil the 
neuralgias, should be at least once daily of froni 5 to 10 minutes 
duration. 

Tile various special neuralgias may he treated on the lines 
already laid down with or without success, depending upon 
their severity and the underlying cause. The latter always 
should be ascertained and removed when poaslble, 

Anodal difiUBi{ni, a metliod depending upon the cataphoric 
power of electricity, has recently comeintovognefor the treatment 

-of localized neuralgia. Soliitionaof cocaine, aconite, belladonna, 
chloroform, aud other drugs have been resorted to with more 
or less success in the production of aniesthesia in superHcial 
pains. Cocaine Is the most promising agent. A flat metal 
electrode, preferably of platinum, or, in its absence, nickel-plate 
Bun-ounded by a rubber rim, may t>e used to apply the medica- 
ment In solulimi placed upon a disc of tissue paper, to the 
desired point. The electrode is connected to the positive pole, 

-and iL current stveugtli of from 5 to 20 milliamperea allowed to 
pass for i;bout 10 minutes.* It is questionable if this method 
be belter in results, while it is doubtles.'i more troublesome 
than hypodermic medication at the site of pain. A method, 
irhich seems to the writers as worthy of trial, is that of follow- 
ing the hypodermic injection of the drugs used to secure local 
aoEesthesia by a stabile applieution of the anode of a strength 
of current and duration simitar to that mentioned above. 
This would appear to he productive of more prompt and de- 
cided results than by the other method. 

Xuscle pains doe to rheumatism or strain arc oRen removed 
with surprising promptness by electricity. Lumbago is a type, 
and will often well illustrate the curative effects of electricity, 
yielding, as it frequently does, to one or two applications. This 

-treatment is markedly successful with recent cases. 

' For a full description of tlic mpthcid see " A Further atudj of Anodal 
DiffUKinD as a Tberapeutk Agent," by PetcrBOD.— N, Y. Med. Record, 
Jan. 31, 1881. 



150 ESSENTIALS OF MEDICAL ELECTRICITT. 

cotton and collodion. The patient should be in recumbency, 
and remain so at perfect rest for several hours afterwards. 

For a more detailed description of the method of electrolysis 
in aneurism the reader is referred to the excellent work of 
Bartholow. 

The Loreto-Baruxll method of treating aneurism, that of the 
introduction of fine silver wire into the sac, together with the 
employment of electrolysis, has yielded excellent results after 
the method of electro-puncture alone, failed J 

In the Treatment of Urethral Stricture by electrolysis, a 
method devised by Dr. Robert Newman, of New York, may be 
used. A properly insulated bulbous metallic sound of a calibre 
somewhat greater than the stricture, connected with the negct- 
live pole, is introduced to the site of constriction, the anode being 
placed on one of the thighs, a current of three to eight milli- 
amperes is used for upwards of ten to fifteen minutes, repeated 
at intervals of five days (or longer), the frequency of application 
depending upon the results obtained. After the current has been 
flowing a short time, the electrode should be made slowly to pass 
the stricture, if practicable, without undue force. Should there 
be much pain or subsequent inflammatory reaction after the 
application, the parts may be bathed in hot water and a 
morphine and belladonna suppository inserted into the rectum. 

The Simple Inflammatory Stricture seems most amenable to 
electrolysis, but we believe this method of treating strictures has 
scarcely yielded the results at first claimed for it. 

Eneuresis (nocturnal and diurnal) often yields promptly to 
electrical treatment. If galvanism is used, the anode should be 
applied to the lumbar cord and the cathode to the symphysis 
and perineum, with a current strength of from 5 to 10 milliam- 
peres, for from 2 to 5 minutes, once or fwice daily. Erb recom- 
mends, in girls, the application of a small sponge (or absorbent 
cotton) covered electrode between the labia, close to the meatus ; 
in males, to introduce a wire electrode about 2 cm. into the 

' See a case of Rosenstine (Amer. Jour. Med. Sciences. Jan. 1891), in 
which two operations of electrolysis (70 milliamperes, 20 minutes) were 
without effect, but which were subsequently cured by the Loreta-Barwell 
operation. 
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urethi-a, the other pole to the lumhar vertebrtB. The faradic cur- 
rent is then passed fof ecverul minutes. In ohstinate cases it 
tnay be requiiiite to faradize the neck of the bladder. 

FnnctionalWeaknessof tlielffale Sexual Organs [Impotence, 
SpeimatorrhlBa) requires jjuth giiiv:ini^ui and fm-adiam, especi- 
ally the former in impoteoce, Tlie auodc, a large-sized electrode, 
should he applied lo the lutubat' spine and the cathode [medium j 
electrode) in one groin afler the other, stabile and labile, then 
about tlie upper and lower surface of the penis, and finally ou ^ 
the perineum. The entire application should consume several 
minutes, and the current be of medium strength. In noeturnal 
pollutions stabile rather than labile currents should he used with, 
the anode in preference to the cathode alioul the genitals. Tlie 
urethral electrode may he used for the purpose of direct appli- 
cations to the oriflcea of the ejaculatory ducts. 

In ConditionB of Atony (with or without dilatation) of the ' 
Stomach, with diminutiou in the secretion of the gastric juice, 
percutaneous, and especially intra-gftstrie faradization hai 
yielded excellent results. lutra-gastric fiiradization require! ' 
fur its application a special electrode. Eichorn' recommendB a 
small, bulbous, linrd-rnbber capsule electrode, designed by him- 
self, and termed a ''deglutable stomach electrode," which has 




proved very aaliafactory in his luiuds. The stomach should 
contain a hall'-jiint or so of fluid, in order that the current may 
ba diffused. The electrode is swallowed. The iudifferent elec- 
trode may be placed upon the back to the left of the aeventb 

■ Medical Record, May 9, tSOL 
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dorsal vertebra, or on the epigastrium, or may be held in the 
hand. Marked results are often obtained from faradization thus 
applied in chronic gtistric catarrh, gastric atony, and in gastric 
dilatation. Einhorn reports also pure cases of gastralgia much 
improved from galvanism similarly applied. Fig. 65 represents 
the stomach electrode, manufactured by Otto Flemming of this 
cit3\ In the hands of the writers it has given perfect satisfac- 
tion. 

Catarrhal Jaundice, Splenic Enlargement, and Ascites fre- 
quently respond to faradization of the gall-bladder and abdomen 
generally. Contractions of the gall bladder may not unlikely be 
due to reflex action. Such results seem not improbable from 
results obtained in cases of catarrhal jaundice by means of per- 
cutaneous applications. 

In Leuksemia and Malarial Splenic Enlargement percuta- 
neous faradization is also worthy of trial. 

Constipation, when due to atony of the intestine, is usually 
relieved, at least temporarily, by galvanism, faradism, or gal- 
vano-faradism. A suitable hygienic regimen must be combined 
with electrical and drug treatment, in order to obtain permanent 
benefit from electricity. It may simply be looked on as a valu- 
able adjunct. If galvanism be resorted to, the anode (medium 
electrode) should be applied to the lumbar region ; the cathode 
(large electrode) along the course of the colon, from right to left. 
Previously it is well to make application to the region of the 
small intestines, and ultimately over the whole abdomen ; the 
electrode, applied to the latter region, should be held firmly in 
place, especially in the neighborhood of the csecum and sigmoid 
flexure. In addition to the above, Erb recommends transverse 
passage of the current from one hypochondrium to the other, 
the electrodes to be pressed firmly into the parts. Should this 
treatment fail, an olive-shaped electrode, well insulated, save 
the tip, may be passed into the rectum, the other being placed 
in the lumbar spinal region or upon the abdomen, as directed 
above. With the electrodes in this position, frequent changes of 
polarity must be made to avoid cauterization of the rectum, and 
also to secure vigprous contractions of. the abdominal muscles. 
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Galvanization of the lumbar spine may also be resorted to ; also 
faradization in much the same method. Applications should 
be daily, and continue during the space of five to twenty 
minutes. 

Diseases of Women.— Extraordinary results have been ob- 
tained, in recent years, in the treatment of these diseases, by 
electricity. The subject has attained such proportions that it 
cannot be noticed here in more than the barest outlines. The 
student is referred for details to the writings of Apostoli, Keith, 
and others, and especially to the excellent manual of Massey, 
from which many of the following points are taken.^ 

The faradic battery is often useful for general stimulation in 
women the subjects of '* nervous prostration," and as a sedative 
or a stimulant to the uterine functions and organs, depending 
upon the form of current or force used. As it is frequently 
desirable to use conjointly the galvanic and faradic currents in 
general electrization, it is best to have an arrangement in the 
switch-board whereby this combination can readily be efiected. 
Static electricity is far less useful in gynecology than either of 
the other forms, and can be replaced by them. It is of most 
service as a surface stimulator, the spark having but limited 
penetmting power.* It will, however, readily pass through dry 
clothing, and is useful, therefore, when muscle and skin excita- 
tion is desired without removal of the garments. Static elec- 
tricity is regarded by Dr. Massey as an agent of unique value 
in the treatment of the backache of nervous women, unasso- 
ciated with definite pelvic trouble. Special electrodes are neces- 
sary for the application of electricity (galvanism and famdism) 
in gynaecology. When strong galvanic currents are used, the 
external electrode must be of considerable size. 

For currents over 100 milliamperes the clay electrode of Apos- 
toli, or one of the modifications of it suggested in the books, 
should be employed. For currents of less strength Massey 
suggests a pad of absorbent cotton or of folded towels of the 
same size as the clay electrode, thoroughly wet and connected 

* Electricity in the Diseases of Women. 

* ThiB has been denied of late, but not with sufficient evidence. 
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with a metal disc through which the current flows. A very 
large pad, such as is used for general and spinal electrization, 
will also answer very well. The intrauterine portion of the 
uterine electrode, which is to be connected with the positive 
pole, must be of platinum to avoid corrosion or dissolution due 
to the actiofn of niiscent oxygen and acids upon it. That used 
with the negative pole being unattacked thereby, may consist 
of ordinarv nickel. 

The positive pole produces a firm eschar, such as results from 
use of a caustic acid. It is used principally to control uterine 
hemorrhage and to remove cervical stenosis. 

Cauterization by the cathode produces more or less liquefac- 
tion of the tissues acted upon, and as a result of this, absorp- 
tion is supposed to be more decided than from the action of the 
anode. 

In Electro-puncture a strong, spear-shaped needle, as a rule, 
connected with the cathode and insulated to within half inch 
of its point, is used for penetrating the tissues.' The galvanic 
current unquestionably has power to promote the dissolution of 
some forms of fibroid tumors, especially ofthe less firm varieties. 
Intrauterine cauterization is always to be preferred to puncture 
when the situation of the tumor admits of the concentration of 
the current upon it. According to Massey, electro-puncture is 
best reserved for two emergencies. The first of which, by the 
way, is rarely encountered : a, When the cavity of the intra- 
mural tumor cannot be entered ; 6, when a subperitoneal tumor 
has its uterine attachments so stretched as to place it beyond 
the effect of intrauterine application. When puncture is re- 
sorted to, it should be done through the vagina in preference to 
through the abdominal walls. Whether puncture or intra- 
uterine cauterization is resorted to, the same strength of cur- 
rent is used. The electrodes are first placed in position and the 
current gradually increased to the desired strength, from 60 to 
250 milliamperes, and then gradually diminished. Whole dura- 

^ Massey states that about 200 milliamperes, concentrated at the ex- 
posed one-half inch of a negative needle, will destroy an area of this 
length and one- fourth inch in diameter in the muscular tissue of a 
cadaver in two minutes. 
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tion of application from two to ten minutes, dupending upon the I 
strength of current used. It Bhould bo repeated ouuo or twiea ] 
weekly. 

In Menorrhagia and Uetrorrh&gia, due to relaxittion of the 
uterus, intrauterine faradization seuunis to be more efficient llmu | 
auodalgalvanizaliou. 

In nLbinvalation, with relaxation, faradisin is equally useful. 
The single or bipolar iutrauleiioe eleetrode may he uaed. 

In Chronic Metritis and Endometritu, witli aceompnnyiug J 
leucorrhuea, negative cauterisation of the uterine cavity is of 
the greatest value. A current of from 10, 20, or more niilliam- 
peres' is iiaased for from 5 to 10 minutes, once to twice weekly,; j 
and usually effects a cure in a short lime, 

OervioftI Stenosig, causing dysmenonhcea, is treated success- 
fully with galvaniaui. An electrode insulated to within an inch, 
or thereabiinlK, from its distal extreoiiLy, and capable of being I 
fitted with metal tips of varj'ing sizes, in pressed against the j 
constriction, tlie indlflereut electrode upou the hypogastnura, 
and a current of from 10 to 30 milliamperes paBsed for a few } 
minutes until tiie smallest sized tip penetrates the constriction, 
AppIieatioiJ sliould be about twiee weekly, and, as in the local ] 
treatment of all uterine affections, between the menstrual ' 
periods only. 

In the CongestiTfi and OvariaB, or Nervous forms of Dysmen- 
orrheea, abdominal or dorsal galvauizntlon and faradizotjoii an 
often of the greatest service. In the more unyitldiug forms of 
congestive dysmenorrbwa, mild intmuterine galvanizatioi 
(cauterization) and faradization should be used. 

Amenorrhcea has also been treated by abdominal galvaulzn— I 
tion and faradization, and remarkable success recorde<l. 
mefhod is mii[iolar, intrauterine, or vaginal application of either ] 
current. If galvanic, the cathode must be the active pole, 

Oalvsninn and Faiadism have been often successfully resorted 
to, to cause the death of the fretus in extraulerine prejuaticy, and I 
if employed prior to the third month, they offer greater promiai 
of success tliHU any other treatment. 

I Apoetoli uses upward or 200 milli&Dpnrea. 
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Treatment— An insulated, bulbous electrode is placed either in 
the vagina or rectum in apposition with the sac. The other elec- 
trode, large and well moistened, should be in position against 
the cyst externally. The electrical current should be of moderate 
strength and of a few minutes' duration. Daily applications 
should be made until it is believed that life has ceased in the 
foetus. Bartholow recommends slow interruptions of the faradic 
and occasional anodal, or cathodal openings of the galvanic. 
He regards faradism as less efficient than galvanism, and some- 
what dangerous, through the powerful contractions of the 
abdominal muscles induced by it, thereby threatening rupture 
of the cyst. A large abdominal electrode would obviate this 
risk. 

Most obstetricians prefer faradism to galvanism, as the 
faradic applications, when of any strength, are less painful than 
the galvanic, which also must be interrupted. 
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Franklin's theory, 63 



GALVANIC battery, 27 
couple, 20 
Galvanization, central, 109 
diagonal, 130 
localized, 131 
longitudinal, 130 
transverse, 130 
Galvano-faradization, 109 
Galvanometer, 41 
multiplying, 44 
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OP 



MEDICAL AND SURGICAL 

WORKS, 



PUBLISHED BY 



^Sr. B. SA^TJISTDEHS 



JVo. 913 Walnut Street, 



PHILADELPHIA. 



The aim of the publisher of the works described in the 
following pages has been to make them of permanent and 
not transient value to students and members of the medical 
profession. They are all written or edited by well-known 
and competent authors, many of international repute. 
Especial care has been exercised in the selection of clear, 
readable tyj)e, high class illustrations, good paper, and 
serviceable bindings. 



*^* For sale by Booksellers in all principal cities of the 
United States and Canada ; or sent post free on receipt of 
price by the Publisha*. 
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MR. SAUNDERS takes pleasure in announcing to the 
medical profession the preparation of 



AN 



American Text-Book of Surgery. 



GENERAL AND OPERATIVE. 



BY 

W. W. KEEN, A.M., M.D., 

Professor of the Principles of Surgery and of Clinical Surgery in the 
Jefferson Medical College of Philadelphia. 

J. WILLIAM WHITE, M.D., Ph.D., 

Professor of Clinical Surgery in the University of Pennsylvania. 



P. S. CONNER, M.D., LL.D., 

Professor of Surgery and Clinical Surgery in the Medical College of Ohio, 
Cincinnati, Ohio. 

FREDERIC S. DENNIS, M.D., 

Professor of the Principles and Practice of Surgery and Clinical Surgery 
in Bellevue Hospital Medical College, New York. 

CHARLES B. NANCREDE, M.D., 

Professor of Surgery in the University of Michigan, Ann Arbor, Michi- 
gan. 

ROSWELL PARK, A.M., M.D., 

Professor of Surgery in the Medical Department of the University of 
Buffalo, New York. 

LEWIS S. PILCHER, M.D., 

Professor of Clinical Surgery in the Post-Graduate Medical School, New 
York. 

N. SENN, M.D., Ph.D., 

Professor of Surgery in Rush Medical College, Chicago, and in the Chi- 
cago Polyclinic. 



FRANCIS J. SHEPHERD, M.D., 

Professor of Anatomy, McGill University, Montreal, Canada. 

LEWIS A. STIMSON, B.A., M.D., 

Professor of Surgery in the University of New York. 

J. COLLINS WARREN, M.D., 

Associate Professor of Surgery in Harvard University. 



CHARLES H. BURNETT, A.M., M.D., 

Professor of Otology in the Philadelphia Polyclinic and College for Gradu< 
ates in Medicine. 

WILLIAM THOMSON, M.D., 

Professor of Ophthalmology in the Jefiferson Medical College, Philadel- 
phia. 

Recognizing the fact that for a number of years there 
has been an increasing demand for a text-book on Surgery 
which should be at once concise and comprehensive, and 
at the same time essentiaUy American in its teachings, the 
various authors have undertaken the preparation of such 

a work, which, INSTEAD OF embodying the IDEAS OF A SINGLE 
INDIVIDUAL, WILL BE COMPOSED OF A SERIES OF TREATISES, 
EACH WRITTEN BY A TEACHER OF SuRGERY, BUT COMBINED 
INTO A SINGLE AUTHORITATIVE WORK BY MUTUAL CRITICISM 
AND REVISION. 

It is intended in this manner to obtain the undoubted 
benefit of the special knowledge and experience of the 
different authors in their respective lines of work, while 
avoiding all unnecessary detail. The book as a whole will 
thus faithfully represent the prevailing views and methods 
of American surgeons. 

The names and professional positions of the authors in- 
dicate without further explanation the general scope and 
character of the work. 

It will form a handsome royal octavo volume, printed in 
beautiful large clear type, on heavy paper, with numerous 

FINE ILLUSTRATIONS. 
3 



NOW READY. 



MEDICAL DIAGNOSIS. 

BT 

DR. OSWALD VIERORDT, 

Professor of Medicine at the University of Heidelberg ; formerly Privat Decent 

at University of Leipxig ; Professor of Medicine and Director of the 

Medical Polyclinic at the University of Jena. 

TranslAted, with Additions, from the Second Enlarged Qermor 
Edition, with the Author's Permission. 

BY 

FRANCIS H. STUART, A.M., M.D., 

Member of the Medical Society of the County of Kings, N. Y. ; Feiiow of the 

New York Academy of Medicine ; Member of the British 

Medical Association, etc. 



NUMEROUS COLORED AND WOOD ENGRAVINGS. 
Price^ Cloth, $4,00; Sheep, $5.00. 



In this work, as in no other hitherto published, are given full and 
accurate explanations of the phenomena observed at the bedside. It 
is distinctly a Clinical work by a master teacher, characterized bj thor- 
oughness, fulness, and accuracy. 

It is a mine of information upon the points that are so 
often passed over without explanation. 

The student who is familiar with its contents will have a sound foun- 
dation for the practice of his profession. 

The author gives a complete though brief presentation of the Micro- 
organisms, whose recognition and discrimination are made possible by 
cultivation, and inoculation, and which, through the labors of those 
eminent bacteriologists, PASTEUR, KOCH, and othert, have already 
made such marked changes in the application of remedial agents m 

the cure of disease. 
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IB FBEFARATION. BEADT SHO&TLT. 



A NEW 



Pronouncing Dictionary of Medicine. 

BY 

JOHN M. KEATING, M.D., ^ 

Fellow College of Physicians of Philadelphia; Visiting Obstetrician to the 
Philadelphia Hospital, and Lecturer on Diseases of Women and Chil- 
dren ; Gynaecologist to St. Joseph's Hospital ; Surgeon to 
the Maternity Hospital, etc.; Editor " Cyclo- 
paedia of Diseases of Children," 

AND 

HENRY HAMILTON, 

Author of " A New Translation of Virgil's ^neid into English Rhyme ; 
Co-author of "Saunders' Medical Lexicon," etc. 



A yolaminoas and exhaustive handbook of 

Medical, Surgical, and Scientific Terminology, 

containing concise explanations of the various terms used in Medicine 
and the allied sciences, with 

Phonetic Pronunciation, Accentuation, Etymology, etc. 

The work will form a very handsome royal 8vo volume, beautifully 
printed from type specially cast for the work^ on jniper manufactured for 
this purpose. It will contain most important tables of 

Bacilli, {Micrococci, Leucomaines, Ptomaines, etc. etc., 

the whole forming the most complete, reliable, and valuable Diction- 
ary in the market. 

It has been the aim of the Publisher to place in the hands of stu- 
dents and the medical profession a work which should contain the 
names of Hundreds of New Words now being adopted, and at the same 
time, by leaving out the numerous obsolete terms contained in most Dic- 
tionaries, keep the volume of such a size as to be most convenient for 
ready reference. 



IN PREPARATION. 



DISEASES OF THE EYE. 



BT 



G. E. DE SCHWEINITZ, M.D., 

Ophthalmic Surgeon to Children's Hospital and to the Philadelphia Hospital • 
Ophthalmologist to the Orthopaedic llaspital and Infirmary for Ner- 
vous Diseases; Lecturer on Medical Ophthalmoeoopy, 
University of Pennpylvania, etc. 



A HAND-BOOK OF OFHTHALBDC PRACTICE, 

Especially useful to the student who has had neither time 
nor inclination to study the numerous able but more volu- 
minous text-books. 

The object of this manual is to present to the student who is be- 
ginning work in the field of ophthalmology a plain description of 
the optical defects and diseases of the eye. To this end special 
attention has been paid to the clinical side of the question ; and the 
methods of examination, the symptomatology leading to a diagnosis, 
and the treatment of the various ocular defects have been broii<Tht 
into special prominence. Anatomy, . physiology, and pathological 
histology, except in so far as they sen'e the purjKwe just stated, 
have been omitted. The sections devoted to optical principles and 
the normal and abnormal refraction of the eye in large portion have 
been written by Dr. James Wallace, Chief of the Eye Dispensary of 
the University Hospital. The chapter devoted to the application 
of the shadow-test has been prepared by Dr. Edward Jackson. The 
book will be suitably illustrated by a number of wood-cuts, many of 
them from cases in the practice of the author, in addition to which 
there will be several chromo-lithographs. 



IN PBEPARATIOH. 



DISEASES OF WOMEN. 



Uy henry J. OARRIGUES, A.M., M.D., 

Prnfeswr of Ohrtotrioa in the Now Vort PoM-Gradunte Mediml Sohool and 
IJoapital ; GjDWcologisl to St. Murk's Hunpitiil in Now York City ; Gjrnsi. 
Dologiat to iha Herman Diapenasry in the Cilj of New York \ Con- 
sulting Obftctrici&n to the Kew York Infant Asylum; Obstetria 
Surgeon to the New York Moternitj Hosjiilal; Fallow of 
tbe American Gjnieouli^ical Sooielj ; Fellow of the 
Now York Academy ofMedioine; President of the 
German Medicul Society of the City of New 




It fa the [ntantion of tlie writer to provide a praclical n 
GyEDCology, for the asH of stndenla and prattitionura, iu as 
manner a» is couipntiblK with ulearnKSd. 



urI r>n 



Syllabus of Obstetrical Lectures 

In the Medical Department, University of Pennsylvania. 



Price, Oloth, Interleaved for Notes . . . $3.00 Net, 

The New York MfUcai Record of April 19, 1890, reforring to llii« 
book, says : " This modest Httio work is so far superior to olliera ou 
the samt) subjeot tliat wti take pleasure in calling attention brinflj to 
its excellent features. Small aa it is, It coverg the anhjeut Ihoronghly, 
and will prove iiiTalnahle to both the fltndent and the praclitioiier as 
ft means of (Ixing iu a clear and poncise form the knowledge derived 
from a perusal of tho larger test-bookB. The »uthor deserrra gr^al 
oredlt tor the manner in which he has performed hia work. He haa 
introduced a numbor of valuablu hints irljiuh would only occur to cue 
who was himself an experieneed leBclier of obNtutrios, The subject- 
matter fa clear, forcible, and moderu. Wu are especially pleased with 
the portion devoted to the practical duties of the socouchenr, care of 
the child, etc. The parBgrapha on antia^'ptics are admirable : there 
is no doubtful tone in the directions given. No details are regarded 
as nuiiuportant \ no minor matters omitted. We venture to say tliat 
even the old practitioner will flud useful liinla in this direotiou which 
he oanuot afford to deiiise." 



READY SHORTLY. 



SAUNDERS' 

Pocket Medical Formulary. 

BY 

WILLIAM M. POWELL, M.D., 

AtteDding Physician to the Mercer House for Invalid Women, at Atlantic 

City, N. J. ; Late Physician to the Clinic for the Diseases of Children 

in the Hospital of the UniYersity of Pennsylvania and St. Clement's 

Hospital ; Instmctor in Physical Diagnosis in the Medical 

Department of the University of Pennsylvania, and 

Chief of the Medical Clinic of the Philadelphia 

Polyclinic. 



Containing about 2000 FormniaB, selected from several 
hundreds of the best-known authorities. 



A concise, clear, and correct record of the many 
hundreds of famous formulae which are found scattered 
through th^, works of the 

Most Jijxninent Physicians and Surgeons 

of the world; particularly helpful to the student and 
young practitioner, as it gives him a taste for writing his 
prescriptions in an elegant and correct manner, thus avoid- 
ing incompatible and dangerous prescriptions. The use 
of this work is to be recommended even to the older prac- 
tioner, as through it he becomes acquainted with numerous 
formulae which are not found in the text-books, but have 
been collected from among the 

Rishig Generation of the Profession, College Professors, and 
Hospital Physicians and Surgeons* 
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sow READY. 



NEW AND REVISED EDITIONS I 



SAUNDERS' 



QUESTION COMPENDS. 

Arranged in Qnestion and Answer Form. 

The Latest, Cheapest, and Best 

ILLUSTRATED SERIES OF COMPENDS EVER ISSUED. 



THE ADVANTAGES OF QUESTIONS AND 
ANSWERS.— The usefulness of arnin-iii^' ifie subjects in 
iho form of Questions and Ans'wers will be apparent, 
mnee the student, in reading the standard works, often is at 
a loss to discover the important points to Im remembered, 
and is equally puzzled when he attempts to formulate idii&n 
as to tlie manner in whieh the Questions COUld be put 
in the Examination-Room. 

TliHSe small works, whiiili can b« conveniently carrip.l in tli" pnckef., 
oontain in a oondmisiid form tlio teachings of the most popular 
text-books. 

The authors urn nearly all coiinei'ted with tlio variona colleges as 
DemonatratOTS or Lecturers, and arn therefore thoronghly conver- 
Baiit, not ouly with Ih" wants of tb« average atndent, but also with 
the points tliat are absolutely neoesaarjr to be remembered ia 
the Examlnatioii-Rooin. TUe^bd hooka aru onuBtanlty in tlin haudu 
of their authors far ravision, snil are kept well up to the times, their 
fast sale allowing them to be almost entirely Tewritten -whenever 
neoessarf, instead of having to wait for the edition to be aald, as U_ 
the case wilh an ordinary lenthook. 
U 



Ral. 

^TIAIS OF PHYSIOLOGY. 



U. A. HARE, M.D., 

j.,,H-*wi ol Tfcwupeullc* »nd MWerlci Medlca In Hie Jeflerson Medial Cofj 

mL. '**'"'""" ' P''l''''^'3n lo 8L Annes' Hospllal «nrt to t 

tu ' '*'»l»"»»n'ol the Children's HiBiilOil; Uiiireateot 

"^ Hu)r«l Ao»lemy of Medlcliin In Belf^nin. or tlie 

MtHllcal Society ii[ Uimloii, etc : Becrelary 

ut the Cciiiventloii lor tlie Revision ul 

tliB fharinacriiMelii. It9». 

NUMEROUS ILLUSTRATIONS. 

Tlili-d Edition, Koviscrt iind Enlai^ctl. 

prioa. Cloth . . . ji.oO; Interleaved for Notei . . . $1-38. 



» 




SiiBclliii-not Illustritl n 
JontHol nf the itaentva 4a 
PliyBioloKJ — an eitoellent work acii 
ligUti/n the task of tlie ovi 



lated li 



rmftrs!l!i Medical Magaane, 
Oototwr, IStB. — " nr. Hare lias 
admiraMy ancctHidBd la gallier- 
iiig together a SHriea of Ques- 
tions whiuh ar« clenrly put and 
terselj' answered." 

fhclfic MfiKeal JoKmal, Ocln- 
ber, 1889.-^-' Hara'a PliyaioloRy 
contains tliH vsBunces of its sub- 
ject. No better book has ever 
bepii produced, aud every sta- 
(leiit wonld du well \a posiiHss a 

Tiiuts and Renister, Philadel- 
phia, Outolwr 5, 1869,—" In the 
second edition of Hare's Physi- 
ology all themaredifficiiltpoints 
of the study of the nervoaa sys- 
tHm have been elnuidated. As 
the work now appears it uaunot 
fall to iDerit tiie appreciation of 
the overworked student." 
November 23, 1869.— " Hare's 
nirahly illustrated ; well calco- 
burdeiieil ull^left!^ftdu.^t«. 




ESSENTIALS OF SURGERY. 



Venereal Diseases, Surgical Landmarks, Minor and Operative Sur 

gery, and a Complete Deecriptlon, together with full lllustrd- 

tions, of the Handkerchief and Roller Bandage. 

By EDWABD MAHTIN, A.M., M.D., 

Cltiii<!--il Prnfeaior ul Geuttu-Urljinry Dlseiises, tustructor 111 Oi>prnlive Sii 

gery, ami lecturer on Miuot SuigBfy, University <il rtuiiaylvuiila; 

Bumuon to the Howard Hasjjllal ; Asalstaut Surgeon tu itie 

Unlverally Hosiiltal, elc etc. 



FBOFUSELV ILLUSTBATED. 

FOURTH EDITION, 
Couslderalilj <^alarg'pil by an Appenttlx containing full directions 
and prescriptions for the prctMrutiun of the vnrlons mate- 
rials used In INTISEFTIC SURtiEItT ; aho sev- 
eral linndrcd reclpi'S cuvcriug tlii> medical 
treatment of snrgical alfectious. 
Price, Cloth, $1.00. Interleaved for Notes, $1.25. 
ihiital and Surreal Reporter, 
Febraary, 1880.— '■ Martin's Sur- 
gery oonlaina »11 noeoiisiirj eauen- 
tials of mudern surgi 
parativelj stnall ipnoo. ltd style 
la intereating sad ita illu9ttBtioi 

Uiiiverii/g Mt/iica/ J\la'^ii:im 
J»noary, 188B.— ' Dr Mi 
■drnir&bty sumeeded 10 : 
nnd rotainiDg jnst what 
otrj' for purpoaea of oiaii 







1.1.,." 

Kaiuas Cily Mstteal Renori 
"Marlin'6 Surgery,— Thli luh 



ESSENTIALS OF ANATOMY, 

Including the Anatomy of the Viscera. 

Bv CHARLES B. NANCREDE, M.P., 

Trifeaiar gf Surgery BDd CJinioal Surgarj in the Uoivereity ofMichigui, 

Add Arbor ; Corresponiliag Member of the Rojal Academj of 

Medicine, Raiuo, Italy ; Lsts Surgeon Jefferson 

MBiiienl Cdlegc, etc, eW. 

ONE HUNDRED AND FORTY FINE WOODCUTS 

THIRD EDITION. 

Enlarged by an Appendix containing over Sixty IliustrationB or I 

the Osteology or the Human Body. 

The whole based apon the last (elccentb) edlUoii of 

ORAY'S ANATOMY. 

Price, CIotl^ $1.00. hiterleared for Kot«a, $1.25. 

Am,:,iran I'.acHlioiier 
AWj, Ffhniars IB, 1 
" Nancrede'd Anatomy.— 
For tB\{-qaizt\ng and keep* 
Ing frroh in mind 
knowledge of Anato 
gains at sohool, it wo 
lint lie easy to spwak of H 
too favorablt!. 




No. 4. 



Essentials of MedicalChemistry 



ORGANIC AND INORGANIC. 

CONTAINING, ALSO, 

Questions on Medical Physios, Chemical Physiology, 
Analytical Processes, Urinalysis, and Toxicology. 



BY 



LAWRENCE WOLFF, M.D, 

DemoDstrator Of Chemistry, Jefiferson Medical College ; Visiting Physician 

to German Hospital of Philadelphia ; Member of Philadelphia 

College of Pharmacy, etc. etc. 

SIXTH THOUSAND. 



Price, Clotb, $1.00. Interleaved for Notes, $1.25. 



Cincinnati Medical Nevjg, January, 1889. — " Wolff's Chemistry.- -A little 
work that can be carried in the pocket, for ready reference in nolving difficult 
problems. *' 

St.. Joseph'' s Medical Herald, March, 1889. — "Dr. Wolff explains most 
simply the knotty and difficult points in chemistry, and the book is therefore 
well suited for use in medical schools." 

Medical and Surgkal Repor'er, November, 1889. — "We could wish that 
more books like this would be written, in order that medical students might 
thus early become more interested in what is often a difficult and uninterest- 
ing branch of medical study." 

Registered Pharmacist, Chicago, December, 1890. — "Wolff's Chemistry." 
— " The author is thoroughly familiajr with his subjects. A useful addition to 
the medical and pharmaceutical library." 
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ESSMTIALS 01 OBSTETEICS. 

Bt W. EASTERLy ASHTON, M.D., 
ObitetiicUu to tbe PliUadelpbla Hospital 



VJJMKBOTJS nXVSTKATIONS. fOXTH THOUSAND. 



Piloei Clotb, 91.0a IntarlMTed for NotM, 91.39. 




Spciimi-'U ul Illustratlooi. 

Saiukern Prarlilio'UT, Jftniur;, 1800.— A th ton's ObetetriM. — Ad cxMllent 
liltle Tulume cuntainine correct snd prtctioal kuowledge. An admirable mm. 
pend, uid the bent Mndenwtion we hsie gesn." 

C/iUago Hbdieai Timet.—" Anhton'e UteCetrica.— Of oitrame vbIda to Ptn- 
ilent>, ftud «n excellent little book to rreshon up tbs memorj of the praeti- 



NeiB York Mtiiral Abttrael. April, 1890.— <' A!<hton'i Obetetrios aboatd be 
ciinsuited by the inediemi Btudont until he naa »nstier everjqiieition M sight. 
The practitioner would aliio do well to glftnoe at the book now and then, to 
ITovent bi) kuowledgu frutn getting rust;." 



No. 6. 

ESSENTIALS 
Pathology and Morbid Anatomy. 



C. E. IKHiND SEHPLB, fi.A, EB^ Cantab, l.S.A^ LLCP^ LontL, 

PhfiioUn to the Nortbeaatern Hospital rorCyidren.Karkntiy^ Pro- 

fesurotVooal and Aural Phjsiologj and Eiaminar In Aoaoa- 

tki at Trinity College, Loodou, oW. olo. 



ILLUSTRATED. FOURTH THOUSAND. 



FHee, Clothf$1.00, Interleaved for Nates, $1.23. 

From tba Coilegl and tUac^ Seroti 
■^Bptember IBSM — A Email work upon 
iatbulug; and Morbid Anatom; that re 
dueuB EucU complex sabjesls to tbo ready 
omnprgbenBiDD of tbo studant and proet^ 
tioner a s very aooeptabla additiua to 
medical literature All the moro modern 
topics Boch as Baeteria and Bacilli and 
the meet recent viowe aa to Urinary Path 
ology find a place here and in the liands 
oC a vnter and teacher (killed in the art 
of atmplifying abflrnne and difficult anb 
Jects for eacy cnmpreheneion are rendered 
thorougbly inloll gible Few physieiana 
do mora than refer to the more elaborate 
worbe for paning infonnatioD at the time 
it ia abaalntely Deeded, bat a book like this 
of Dr. Femple's oan be tshen np and pemaa 
lonruction of the reader." 

Indiana Medieai Journal, Deoembor. 18S9.— "Sempla'i 
Morbid Anatomy.— An axeellent ooinpond of tho eubjeet fi 
Ttew of Oreen and Payne." 

CineiuHaH Mtdiral Nrira. November, 1889.— Semple'a Pathology and Mor- 
bid Anatomy. -A valuable little volume— truly a multHm in parm." 
17 




Specimen of IlluatralluDs. 

1 eontinnouBty to the profit and 






Nti. 7. 

ESSENTIALS 



OF 



Materia Medica, Therapeutics, 



▲HD 



PRESCRIPTION WRITING. 



BT 



HENRY MORRIS, M.D., 

Late Demofutntor, Jeffenon Medical College ; Fellow College of Phyneiaai, 

PhiladelphU; Co-editor Biddle's Materia Mediea ; Vidting 

Pbysieian to St. Joseph's Hospital, etc. etc. 



SECOND EDITION. FOURTH THOUSAND. 



Price, Cloth, $1.00. Interleaved for Notes, $1.25. 



Medical and Suboical Rkportkb, October, 1889. 

''Morns' Materia Medica and Therapeutics. — One of the best oompends in 
this series. Concise, pithy, and clear, well-snited to the purpose for which it 
is prepared." 

Gaillard's Medical Jourhal, November, 1889. 

" Morris' Materia Medica.— The very essence of Materia Medica and Thera- 
pentios boiled down and presented in a clear and readable style." 

Sakitariuii, New York, Jannary, 1890. 
"Morris* Materia Medica.— A well-arranged qniB-book, comprising the 
most important recent remedies. " 

BuPFALO Medical and Surgical JouRirAL, January, 1890. 

"Morris' Materia Medica. — The subjects are treated in such a unique and 
attractire manner that they cannot fail to impress the mind and instruct io 
a lasting manner." 

18 



^^^^^ No8. 8 and 9, 

M Essentials of Practice of Medicine. 

I Withar 

I COLOF 



By IIENRT morris, M.D., 
itlioL' ul " Es9f titJalH or Matei'la Medlca," etc. 

With an Appendix on the Clinical and Microscopical 
Examination of Urine. 



COLORED (VOGEL) URINE SCALE AND NUMEROUS 
FINE ILLUSTRATIONS. 



SBCOND EDITION, 

Enlarged by some THREE HUNDRED Essential 

FormulEe, selected from the writings of the 

most eminent authorities of the 

Medical Profession. 



Price, Cloth, S3.00. M 


edlcnl 


Sbeep, $3.00. 

to the OilvsnnBd M 
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No. 10. 

ESSENTIALS OF aYN^SCOLOGY. 



EDWIN B. CRAIGIN, M.D., 
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facts and lines of original research upon which our conclusions are 
based. Foi^ over two years we have made experiments in the labo- 
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men.*' — Extract from Pbbface. 
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EXTRACT FROM THE INTRODUCTION IN THE OPENING 

NUMBER OF 

**THE CLIMATOLOGIST." 

AUGUST. 1 89 1. 



*' The object of this Journal is to promote original investi- 
gation, to publish papers contaiaing the observations and ex- 
perience of physicians in this country and Europe on all matters 
relating to Climatology, Mineral Springs, Diet, Preventive 
Medicine, Race, Occupation, Life Insurance, and Sanitary 
Science — and in that way to supply the means by which the 
general practitioner and the public at large will become better 
acquainted with the diseases of this country and Europe, and 
better armed to meet the requirements of their prevention or 
cure. The study of these subjects in this country is exciting 
great and increasing interest, and all admit that, from the little 
knowledge already possessed of its resources, possibly every 
known combination of atmospheric condition, soil, altitude, cli- 
mate, or mineral springs, is to be found on this continent. It is 
confidently expected that such 2l journal will receive encours^e- 
nient and be an authority upon all questions which are included 
in its title. 

** Original papers upon diseases of localities — those incident 
to occupation, race, or climate, the study of epidemics, the 
questions of proper food, of the water supply, its potability 
and distribution, matters relating to drainage and diseases de- 
pendent on it — as well as experimental studies, or laboratory 
investigations on bacteriology, will form a prominent portion 
of the material presented during the year, and it is to be hoped 
that physicians of all sections of the country will send papers 
upon these or any other subjects which will be of general in- 
terest. 

" Special attention will also be paid to the subject of health 
resorts, descriptions of Sanitariums with special reference to 
their suitability to certain cases, and the proper selection ol 
patients likely to be benefitted by them. The utmost care will 1 
be taken that this Journal shall assume and maintain the 
highest scientific character. It will be absolutely independent 
in its principles— -/<a:/r towards all. It will depend for its main- j 
tcnancc upon the support given to it by the prcfession, as it is J 
not published in the interest of amy special section or clique." ;1 
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